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FOREWORD 


Essential  to  an  understanding  of  the  results  of  aircraft  testing 
is  an  understanding  of  the  differences  between  engineering  and  service 
testing. 

Engineering  testing,  using  instrumented  aircraft  and  calibrated 
instruments,  can  determine  and  record  the  exact  performance,  control 
response  and  limits,  engine  performance  and  power  available,  through 
accurate  measurements  and  reduction  of  data  to  standard  conditions. 

Thus,  it  is  possible  to  determine  when  an  aircraft  is  approaching  or 
exceeding  design  limits  or  other  specified  criteria. 

Service  testing,  using  aircraft  in  standard  configuration,  results 
in  a  qualitative  evaluation  for  user-type  information.  This  informa¬ 
tion  is  based  on  a  broad  scope  of  pilot  experience  and  technique  pro¬ 
vided  by  pilots  ranging  from  those  recently  out  of  school  to  those  with 
considerable  field  operational  experience.  The  installed  instruments 
and  gauges  are  used  to  determine  significant  operating  data.  These 
instruments  are  not  usually  calibrated  but  represent  typical  instru¬ 
ments  found  in  production  helicopters.  These  instruments  and  gauges 
are  verified  for  accuracy  within  acceptable  tolerances  but  do  not  attain 
the  precision  provided  by  the  calibrated  equipment  used  for  engineering 
testing. 

The  service  test-pilot  makes  qualitative  observations  on  only  what 
he  experiences  during  normal  service  flying.  These  observations  are 
not  correlated  to  such  factors  as  the  margin  of  control  remaining  or 
exact  rates  of  control  response.  Exact  measurements  of  such  factors 
are  necessarily  the  responsibility  of  the  engineering  test  agency. 

Thus,  service  testing  may  show  that  the  aircraft  is  suitable  for  per¬ 
forming  a  mission  when,  actually,  flight  has  been  performed  close  to, 
or  within,  control  margins  specified  by  military  specifications.  What 
may  appear  to  be  discrepancies  between  service  and  engineering  test 
reports  is  actually  the  difference  between  qualitative  and  quantitative 
reporting 

The  Light  Observation  Flelicopter  evaluation  is  the  first  combined 
aircraft  engineering  and  service  test  program  that  lias  resulted  in  co¬ 
ordination  of  reports  and  comparison  of  reports  prior  to  procurement 
decision.  Caution  must  be  exercised,  therefore,  to  preclude  taking  an 
item  out  of  context  in  any  one  report  to  establish  a  particular  position. 
Seeming  inconsistencies  can  be  reconciled  only  by  examination  of  all 
reports  with  due  regard  to  the  specific  conditions  under  which  the  test 
was  accomplished. 
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ABSTRACT 


Stability  and  control  flight  tests  were  conducted  on  the  OH-4A 
helicopter  to  determine  the  stability  and  control  characteristics 
throughout  the  flight  envelope  for  the  unarmed  (clean)  and  armed 
configurations.  Teitti  wrrr  rnnrinrtrri  by  the  U.  S.  Army  Aviation 
Test  Activity  at  Edwards  Air  Force  Base, 'CSli'foxnia  and  auxiliary 
sea  level  test  sites  near  Bakersfield,  California^.'  Ninety-three 
test  flights  were  conducted  for  75; 30  hours  productive  test  time.- 
These  tests  were  accomplished  -during  the  period  of  28  Maf^'~thTOtrgn 
31  June  1964"r^>Al  1  test  data  were  hand  recorded  from  sensitive 
instruments  or  recorded  on  an  oscillograph. 


The  quantitative  test  results  and  qualitative  pilot's  comments 
indicate  that  the  0H-4A  complied  with  most  of  the  stability  and 
control  requirements  of  MIL-H-85C1A.  The  stability  and  control 
characteristics  were  found  to  be  genfejJTy  satisfactory  for  all 
conditions  tested,  except  for  the  fM^owing: 

1.  Maximum  sideward  and  rearward  'flight  speeds  were  longi- 
tudinally  control  limited  when  operatinj^iear  the  present  forward 
longitudinal  C.G.  limit  (Station  99.0).  \ 


2.  The  directional  control  system  exhibited  excessive 
mechanical  play  and  the  directional  acceleration  was  too  high. 


liie  sideward  and  rearward  speed  limitations  may  decrease  the  mission 
capability  and  compromise  safety  of  flight  under  certain  conditions. 


The  armament  tests  on  the  0H-4A  indicated  that  the  helicopter 
was  a  stable  weapons  platform  which  exhibited  satisfactory  control¬ 
lability  characteristics.  There  are,  however,  certain  shortcomings 
which  should  be  corrected.  These  shortcomings  are: 

1.  Excessive  airspeed  fluctuation  during  a  firing  sequence. 

2.  Structural  damage  to  the  gun  mount  when  firing  the  XM-8 
armament  kit  and  an  inadequate  shell  ejection  area  in  the  fairing 
assembly  on  the  XM-7  armament  kit. 

The  stability  characteristics  of  the  0H-4A  were  found  to  be 
generally  better  than  those  of  the  0H-13H  and  0H-23D  helicopters. 
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PHOTO  3  -  XM-7  ARMAMENT  KIT 


PHOTO  4  -  XM-8  ARMAMENT  KIT 
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SECTION  1  -  GENERAL 


1.1  REFERENCES 


a.  Military  Characteristics,  Light  Observation  Aircraft,  TCTC 
Meeting  128,  Item  3408,  20  May  1960. 

b.  Combat  Development  Objectives  Guide  (U)  (CDOG) ,  Paragraph 
533a(l)  as  changed  25  March  1961. 

c.  Letter,  AMCPM,  Headquarters,  U.  S.  Array  Materiel  Command, 

12  March  1963,  subject:  "Test  Directive,  Evaluation  of  LOH,"  with 

1  inclosure  entitled  "Test  Directive  for  Flight  Evaluation  of  OH-4/ 
OH-5/OH-6  Aircraft." 

d.  Letter,  AMSTE-BG,  Headquarters,  U.  S.  Army  Test  and  Evaluation 
Command,  23  April  1963,  subject:  "Test  Directive  for  Light  Observa¬ 
tion  Helicopter." 

e.  Technical  Development  Plan,  U.  S.  Army  Transportation  Materiel 
Command,  Project  No.  L-R-1-41803-D-168,  Light  Observation  Helicopter, 

20  February  1963. 

f.  Military  Specification  MIL-H-8501A,  "General  Requirements 
for  Helicopter  Flying  and  Ground  Handling  Qualities,"  7  September 
1961. 


g.  Federal  Aviation  Agency  Type  Inspection  Authorization  No. 
CH666-2DM,  14  January  1964. 

h.  "OH-4A  Helicopter  Armament  Kit  --  Installation  and  Operation," 
Bell  Helicopter  Company,  28  February  1964. 

i.  Final  Report  of  "Engineering  Test  of  the  Stability  and  Control 
Characteristics  of  the  OH-13H  Equipped  with  the  XM-1  Armament  Kit," 

U.  S.  Army  Aviation  Test  Activity,  April  1964. 

j.  Coordinated  Plan  of  Test,  USATECOM  Project  No.  4-3-0250-(  ), 
"Military  Potential  Test  of  the  Light  Observation  Helicopter  (LOH) 
0H-4A,  0H-5A,  and  0H-6A,"  U.  S.  Army  Aviation  Test  Board, 

17  September  1963. 

1.2  AUTHORITY 


Directive:  Letter,  AMSTE-BG,  Headquarters,  U.  S.  Army  Test  and 
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Evaluation  Command  (USATECOM) ,  23  April  1963,  subject:  "Test 
Directive  for  Light  Observation  Helicopter." 

1.3  OBJECTIVES 


The  objective  of  this  program  was  to  conduct  engineering 
stability  and  control  flight  tests  of  the  Light  Observation  Heli¬ 
copter  (LOH)  OH-4A  to  (a)  confirm  contractor  compliance  with  the 
approved  Army  Military  Characteristics  for  an  unarmed  (clean)  and 
armed  0H-4A  helicopter,  using  Military  Specification  MIL-H-8501A 
as  a  guide,  ind  (b)  provide  data  to  assist  in  selecting  an  LOH 
design  for  possible  future  production. 

1.4  RESPONSIBILITIES 

The  U.  S.  Army  Aviation  Test  Activity  (USAATA)  was  designated 
Executive  Test  Agency  for  the  confirmatory  engineering  tests  in  the 
LOH  program  and  is  responsible  for  test  execution  and  test  reporting 
of  its  assigned  program  phase. 

1.5  DESCRIPTION  OF  MATERIEL 


a.  Technical  Characteristics 

The  0H-4A  design  is  a  single  main-rotor  and  anti-torque 
tail-rotor  configuration.  The  cockpit  configuration  is  ’wo-place, 
providing  seating  for  a  pilot  and  an  observer.  Temporary  (stowable) 
seating  is  provided  in  the  rear  (cargo)  area  for  two  passengers.  The 
main-rotor  blades  can  be  manually  folded  and  unfolded.  The  landing 
gear  is  of  the  skid  type.  A  single  "L"-shaped  rubber-bladder  fuel 
cell  is  located  under  the  flooring  in  the  passenger-cargo  compartment 
and  has  a  usable  capacity  of  76  gallons.  The  0H-4A  is  powered  by  an 
Allison  T63-A-5  gas  turbine  engine,  with  a  takeoff  power  rating  of 
250  shaft  horsepower  (SHP)  at  6000  revoluations  per  minute  (rpm). 
Conventional  dual  flight  controls  are  incorporated.  The  pilot's 
collective  pitch  control  stick  incorporates  the  engine-starter 
button.  The  pilot's  cyclic  pitch  control  stick  grip  incorporates 
switches  for  armament  selection,  firing,  hover/landing  lights,  and 
intercom  or  radio  selection. 

b.  Physical  Characteristics 

The  OH-4A  has  the  following  physical  characteristics: 

Rotor  diameter  32  ft 

Overall  length  37  ft 

Length  (blades  folded)  27  ft  2-1/2  in. 

(Continued  on  next  page) 
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Minimum  width 
Maximum  height 
Design  gross  weight 
Empty  weight 
Overload  gross  weight 
c.  0H-4A  Armament 


5  ft. 10  in. 

8  ft.  8-1/2  in. 
2S72  lb. 

1600  lb. 

2900  lb. 


The  XM-7  and  XM-8  armament  kits  were  provided  with  the 
0H-4A.  The  armament  kits  were  mounted  at  different  times  on  the 
left  side  of  the  aircraft. 


(1)  XM-7  Armament  Kit 


The  XM-7  is  a  light  helicopter  armament  kit  consisting 
of  two  M-60C  7.62  mm  machine  guns  vertically  positioned  in  a  single 
pod.  These  kits  can  be  installed  on  the  left  or  right  side  of  the 
0H-4A,  or  on  both  sides  simultaneously.  The  XM-7  basic  sighting 
range  is  500  meters.  The  M-60C  has  a  firing  rate  of  600  round  per 
minute.  Using  one  can  of  ammunition  for  each  kit  (600  rounds),  con¬ 
tinuous  firing  time  is  approximately  one  minute.  With  a  single  kit 
installation  (left  side),  the  ammunition  from  both  cans  can  be  used 
and  the  firing  time  is  increased  to  approximately  two  minutes. 

Fire  coverage  is  controllable  in  elevation  from  3-1/2  degrees  above 
to  35  degrees  below  the  helicopter  waterline.  With  the  left-side  in¬ 
stallation  only,  using  four  ammunition  cans,  the  system  weight  is 
375  pounds. 

(2)  XM-8  Armament  Kit 


The  XM-8  is  a  light  helicopter  armament  kit  consisting 
of  one  M-75  40  mm  grenade  launcher.  This  kit  is  mounted  on  the  left 
side  of  the  0H-4A.  The  XM-8  basic  sighting  range  is  400  meters  and, 
like  that  of  the  XM-7,  includes  elevation  control  from  3-1/2  degrees 
above  *o  35  degrees  below  the  helicopter  waterline.  The  M-75  has  a 
firing  rate  of  150  rounds  per  minute  which  gives  a  continuous  firing 
time  of  53  seconds.  Normally,  ammunition  is  carried  in  two  ammuni¬ 
tion  cans  which  provide  a  total  of  132  rounds.  A  single  can  installa¬ 
tion  with  77  rounds  (30-second  firing)  can  be  used.  This  permits 
the  right  aft  seat  to  be  utilized  for  cargo,  equipment,  or  a  passenger. 
The  system  weight  with  the  single  ammunition  can  is  260  pounds. 

The  XM-7  and  XM-8  armament  kits  are  interchangeable  on 
the  left  side  of  the  helicopter.  The  right-side  XM-7  kit  can  be  in¬ 
stalled  with  either  the  XM-7  or  XM-8  installed  on  the  left  side  of 
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the  helicopter.  These  kits  are  attached  to  the  cargo  deck,  which 
is  a  main  fuselage  structure.  All  attachment  hardpoints  are  included 
in  the  basic  airframe  structure,  and  necessary  wiring  is  included 
in  the  0tt»>c  aircraft.  The  guns  are  encased  in  pods,  and  ammuni¬ 
tion  is  routed  from  cans  in  the  aft  compartment  through  the  mount 
structure  to  each  gun.  Ammo  chuting  is  short,  direct  and  not  exposed. 

The  sight  system  is  usable  with  either  the  XM-7  or  XM-8 
installation.  Sighting  information  is  presented  visually  for  both 
pilot  and  observer  and  may  be  changed  from  the  XM-7  to  the  XM-8 
setting  by  a  switch  on  the  sight  body. 

Three  axis  Stability  Augmentation  Equipment  (SAE)  is 
provided  as  an  integral  part  of  the  armament  installation  and  includes 
a  heading-hold  feature  that  permits  the  pilot  or  observer  to  trim  the 
helicopter,  thus  the  guns,  in  aiimuth. 

Both  armament  systems  require  AC  and  DC  power.  The 
battery,  generator  and  inverter  will  normally  be  "on"  and  the  arma¬ 
ment  and  SAE  circuit  breakers  will  be  engaged. 

1.6  BACKGROUND 


a.  Requirement 

Paragraph  533a(l)  of  the  Combat  Development  Objectives  Guide 
(CDOG) ,  25  March  1963  (reference  b.) ,  and  the  approved  Military  Charac¬ 
teristics  (MC's)  (reference  a)  describe  the  light  observation  heli¬ 
copter  as  follows:  "The  light  observation  aircraft  shall  be  a  light¬ 
weight,  reliable,  easily  maintainable,  readily  air  transportable 
helicopter  capable  of  performing  the  following  missions:  visual 
observation  and  target  acquisition,  reconnaissance,  and  command  control. 
The  helicopter  will  be  of  minimum  size  consistent  with  the  requirement 
for  a  pilot  and  three  passengers,  or  a  pilot  and  400  pounds  of  cargo. 
Reliability  and  frontline  supportability  shall  be  given  primary  con¬ 
sideration." 

* 

b.  General 

(1)  In  October  1959,  the  Office  of  Chief,  Research  and 
Development,  Department  of  the  Army,  initiated  an  Army  Aircraft 
Development  Plan  to  develop  firm  guidance  for  Army  aviation  for  the 
period  1960-1970.  As  part  of  this  plan,  three  Army  Study  Requirements 
(ASR's)  describing  broad  development  objectives  in  the  area  of  light 
observation,  manned  surveillance,  and  tactical  transport  were  pre¬ 
pared.  The  ASR’s  were  presented  to  industry  at  Fort  Monroe,  Virginia, 
on  1  December  1959. 
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(2)  As  a  result  of  the  ASR  1-60  study  on  Army  light  obser¬ 
vation  aircraft,  a  decision  was  made  to  use  light  observation 
helicopters  and  to  phase  light  observation  aircraft  out  of  Army  in¬ 
ventory.  The  Light  Observation  Helicopter  (LOH)  Design  Competition 
was  initiated  on  14  October  1960  by  a  letter  to  industry  from  the 
Bureau  of  Weapons,  U.  S.  Navy.  The  designs  were  evaluated  jointly 
by  the  U.  S.  Army  and  U.  S.  Navy,  and  three  designs  were  selected 
for  prototype  testing.  The  Army  model  designations  for  these  heli¬ 
copters  are  0H-4A,  0H-5A  and  OH-6A. 

(3)  The  contracts  for  "off-the-shelf'  direct  procurement 
were  negotiated  directly  with  the  manufacturers.  Contracts  were 
awarded  in  November  1961  to  each  manufacturer  for  delivery  of  five 
prototype  helicopters  to  be  type  certificated  by  the  Federal 
Aviation  Agency  (FAA)  in  compliance  with  CAR,  part  6.  The  Army  had 
the  rption  of  accepting  delivery  before  certification  providing  the 
FAA  had  issued  a  Type  Inspection  Authorization  (TIA) . 

1.7  FINDINGS 


At  airspeeds  above  35  knots  calibrated  airspeed  (KCAS),  the  static 
longitudinal  trim  stability  was  positive  (stable)  for  all  flight  con¬ 
ditions  tested.  At  airspeeds  below  35  KCAS,  there  was  a  slight  long¬ 
itudinal  cyclic  control  position  reversal  that  was  not  considered 
objectionable.  Lateral  cyclic  control  and  directional  control  trim 
positions  did  not  significantly  change  over  the  helicopter  airspeed 
range.  When  the  helicopter  was  loaded  to  an  aft  center-of- gravity 
(C.G. )  location,  the  forward  longitudinal  cyclic  control  travel  margin 
of  10  percent  was  reached  at  approximately  106  KCAS.  As  gross  weight 
was  increased  from  design  to  overload,  the  longitudinal  cyclic  control 
trim  position  moved  slightly  aft  and  the  static  trim  stability  became 
somewhat  less  positive.  During  climbing  flight,  longitudinal  control 
position  was  forward  of  the  level  flight  position  approximately  .3 
inch  and,  during  autorotation,  was  aft  of  the  level  flight  position 
approximately  1  inch.  The  degree  of  positive  trim  stability  was 
approximately  the  same  in  climbing  flight  as  in  level  flight. 

The  static  trim  stability  for  the  armed  configuration  showed  little 
little  change  in  the  longitudinal  and  directional  requirements.  The 
resulting  change  in  lateral  C.G.  required  approximately  2  inches  of 
right  lateral  cyclic  displacement. 

Tne  static  longitudinal  trim  stability  of  the  0H-4A  helicopter 
is  greater  than  that  of  the  OH-23D  and  less  than  that  of  the  OH-13H  in 
the  speed  range  from  30  to  65  KCAS.  The  static  trim  stability  of  the 
0H-4A  is  considered  to  be  adequate  and  satisfactory. 

The  static  longitudinal  collective  fixed  stability  was  generally 
positive  (with  no  objectionable  longitudinal  control  reversals  en¬ 
countered  at  the  flight  conditions  tested).  With  an  aft  C.G.  location, 
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the  static  longitudinal  stability  became  less  positive  as  trim 
airspeed  was  increased.  At  a  forward  C.G.  location,  the  static 
stability  became  more  positive  with  increasing  airspeed  above  60 
KCAS.  There  was  no  significant  gross  weight  effect  on  the  static 
stability.  There  was  a  slight  decrease  in  static  longitudinal 
stability  with  increasing  altitude. 

The  installation  of  the  armament  kits  did  not  have  a  signif¬ 
icant  effect  on  the  collective  fixed  static  longitudinal  stability. 

The  degree  of  collective  fixed  static  trim  stability  of  the 
0H-4A  helicopter  is  generally  less  than  that  of  the  0H-13H  and  is 
considered  better  than  that  of  the  OH-23D,  which  exhibits  negative 
stability.  The  degree  of  positive  static  longitudinal  collective 
fixed  stability  exhibited  by  the  0H-4A  is  considered  to  be  satis¬ 
factory. 

The  static  lateral-directional  stability  characteristics  of 
the  0H-4A  were  generally  acceptable  and  positive  effective  dihedral 
was  present  for  all  conditions  tested.  There  was,  however,  a 
slight  directional  control  reversal  between  zero  and  10  degrees 
right  sideslip  during  level  flight  at  low  airspeed.  This  reversal 
was  not  considered  to  be  objectionable.  The  static  directional 
stability  increased  with  airspeed  and  decreased  with  increasing 
altitude.  Static  directional  stability  was  approximately  the  same 
for  all  gross  weights.  During  autorotation,  the  effective  dihedral 
was  generally  less  than  that  for  level  flight  and  climb;  however, 
it  remained  slightly  positive. 

Installation  of  the  armament  kits  did  not  significantly  affect 
the  static  lateral-directional  flying  qualities. 

The  degree  of  positive  static  lateral-directional  stability  di 
played  by  the  0H-4A  is  generally  similar  to  the  amount  displayed  by 
both  the  OH-1311  and  OH-2  3D. 

Stabilized  sideward  flight  to  the  left  was  determined  to  be 
limited  by  longitudinal  control  travel.  This  limit  was  observed 
to  be  particularly  critical  with  the  helicopter  loaded  near  the 
forward  C.G.  location  (Station  99.0).  Sufficient  control  was  avail 
able  to  permit  right  sideward  flight  up  to  35  knots  true  airspeed 
(KTAS)  under  all  loading  conditions. 

Rearward  flight  with  the  0H-4A  was  limited  to  approximately  10 
KTAS  by  longitudinal  cyclic  control  available  when  the  helicopter 
was  loaded  to  a  forward  C.G.  (Station  99.5).  Establishment  of  a 
forward  C.G.  limit  of  Station  101  would  allow  rearward  flight  to  be 
accomplished  up  to  30  KTAS  and  meet  the  requirements  of  MIL-H- 
8S01A. 
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With  present  C.G.  limits,  the  0H-4A  has  less  sideward  and 
rearward  flight  capability  than  the  0H-13H  helicopter.  Data  were 
not  available  for  comparison  with  the  0H-23D. 

The  dynamic  stability  characteristics  of  the  0H-4A  were  satis¬ 
factory  for  all  conditions  tested.  The  damping  was  high  with  the 
motions  being  essentially  "deadbeat"  or  damped  out  in  one  cycle. 

As  airspeed  was  increased, the  damping  decreased;  consequently  the 
stability  was  less  positive.  Increasing  altitude  and  gross  weight 
had  little  effect  on  the  dynamic  stability  characteristics. 

The  dynamic  stability  for  the  armed  configuration  was  found  to 
be  essentially  the  same  as  that  for  the  clean  configuration.  The 
SAE  slightly  improved  the  dynamic  stability  in  a  hover. 

The  controllability  of  the  0H-4A  helicopter  was  sufficient  and 
in  the  proper  direction  for  all  conditions  tested.  MIL-H-8501A  was 
generally  complied  with;  however,  the  directional  control  sensi¬ 
tivity  and  response  was  too  high  to  allow  good  flying  and  handling 
qualities.  This  high  directional  control  sensitivity  and  control 
response  coupled  with  the  mechanical  play  in  the  directional  control 
system,  resulted  in  frequent  overcontrolling  and  difficulty  in 
stabilizing  in  turbulent  conditions.  Longitudinal  and  directional 
coupling  was  present  for  lateral  control  inputs.  Directional 
control  inputs  resulted  in  coupling  about  the  longitudinal  and 
lateral  axes.  These  coupling  effects  increased  in  magnitude  with 
increasing  airspeed. 

The  controllability  characteristics  in  the  armed  configuration 
were  basically  the  same  as  those  exhibited  for  the  clean  configura¬ 
tion.  The  SAE  decreased  the  controllability  by  a  small  amount  about 
all  three  axes. 

The  longitudinal  and  lateral  controllability  characteristics  ex¬ 
hibited  by  the  0H-4A  were  as  good  as,  or  better  than,  those  displayed 
by  the  0H-13H  and  OH-23D  helicopters. 

The  effectiveness  of  the  0H-4A  as  a  weapons  platform  was  not  in¬ 
fluenced  by  any  adverse  stability  and  control  contributions  from 
firing  the  armament.  The  lateral  C.G.  wrs  limited  to  1.18  inches  due 
to  high  airspeed  transmission  spike  pounding.  The  structural  vibra¬ 
tory  loads  induced  by  the  firing  tests  were  quantitatively  judged  to 
be  higher  with  the  XM-8  armament.  The  standard  airspeed  system  was 
found  to  fluctuate  -  15  knots  and  was  consequently  inaccurate  during 
a  firing  sequence.  The  major  deficiency  encountered  with  the  XM-7 
armament  was  frequent  jamming  of  the  top  gun.  This  was  caused  by 
the  insufficient  shell  casing  exit  area  in  the  gun  fairing.  The  XM-8 
mounting  assembly  is  presently  unable  to  absorb  the  vibration  and 
loads  induced  during  a  firing  sequence. 
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Autorotational  characteristics  were  good.  With  a  sudden 
reduction  in  power,  there  was  an  immediate  yaw  to  the  left  which 
was  easily  controllable.  No  pitching,  rolling  or  other  adverse 
characteristics  were  noted.  There  was  sufficient  rotor  inertia 
to  allow  the  collective  pitch  control  to  be  held  in  the  trim 
position  for  at  least  2  seconds. 

No  adverse  characteristics  were  noted  in  the  armed  configur¬ 
ation  and  the  reaction  to  a  sudden  power  loss  was  basically  the 
same  as  for  the  clean  configuration. 


The  cyclic  and  directional  control  breakout  forces  and  force 
gradients  did  not  comply  with  the  requirements  of  MIL-H-8501A; 
however,  the  cyclic  control  forces  were  high  enough  to  hold  the 
controls  in  any  given  position.  The  directional  control  forces 
were  inadequate  and  should  be  increased  to  comply  with  the  re¬ 
quirements  of  MIL-H-8501A.  The  directional  control  system  ex¬ 
hibited  a  certain  amount  of  mechanical  play  which  made  the  air¬ 
craft  difficult  to  stabilize  during  low  power  and  low  airspeed 
flight  conditions.  There  was  mechanical  cyclic-collective  control 
coupling  with  the  boost  system  both  "on"  and  "off."  This  coupling 
caused  the  cyclic  control  to  move  forward  as  the  collective  control 
was  raised  and  move  aft  as  the  collective  was  lowered.  The 
collective  stick  position  was  not  influenced  by  cyclic  stick  move¬ 
ment  with  the  boost  "on";  however,  with  the  boost  system  "off," 
cyclic  movement  caused  the  collective  to  move.  Although  in  viola¬ 
tion  of  MIL-H-8S01A,  paragraphs  3.4.2  and  3.4.3,  this  coupling  was 
small  and  was  very  easily  overcome  by  the  pilot  either  holding  the 
control  or  using  a  small  amount  of  friction. 

1.8  CONCLUSIONS 


None 


1.9  RECOMMENDATIONS 
None 
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SECTION  2 


DETAILS  AND  RESULTS  OF  SUB-TESTS 


2.0  INTRODUCTION 


Stability  and  control  tests  were  conducted  on  the  OH-4A 
helicopter  to  determine  the  stability  and  control  characteristics 
throughout  the  flight  envelope  specified  in  Federal  Aviation 
Agency  Type  Inspection  Authorization  (FAA  TIA)  No.  CH666-2DM, 
dated  14  January  1964.  Tests  with  a  XM-7  or  XM-8  armament  kit  in¬ 
stalled  were  conducted  to  determine  the  effect  of  these  kits  on 
stability  and  control.  In  addition,  XM-7  and  XM-8  firing  tests 
were  conducted  to  determine  the  aircraft's  suitability  as  a 
weapons  platform.  Tests  were  conducted  by  the  U.  S.  Army 
Aviation  Test  Activity  at  Edwards  Air  Force  Base,  California  and 
at  auxiliary  sea-level  test  sites  near  Bakersfield,  California. 
Ninety-three  test  flights  were  conducted  for  75:30  productive 
flight  hours.  The  tests  were  accomplished  during  the  period  of 
28  March  through  31  June  1964. 

All  stability  and  control  tests  were  conducted  at  a  rotor  rpm 
of  394  (100  percent  N2)  at  the  following  conditions  in  addition  to 
those  specified  in  each  sub-test: 


Gross  Weight 

Density  Altitude 
ft 

Center  of  Gravity 
Location 

Confi guration 

Design 

5000 

Aft  (Sta.  106.0) 

Clean 

Design 

5000 

Fwd  (Sta.  99.0) 

Clean 

Overload 

5000 

Aft  (Sta.  106.0) 

Clean 

Design 

10,000 

Aft  (Sta.  106.0) 

Clean 

Design 

5000 

Aft  (Sta.  106.0) 

Armed  (XM-7  < 

XM-8) 


All  tests  were  conducted  in  non-turbulent  atmospheric  condi¬ 
tions  so  that  the  stability  and  control  data  would  not  be  influenced 
by  uncontrolled  disturbances.  The  design  gross  weight  and  overload 
gross  weight  for  the  OH-4A  are  2572  pounds  and  2900  pounds,  respectively. 
The  longitudinal  center-of-gravity  (C.G.)  envelope  was  Station  99.0 
(forward)  to  Station  106.0  (aft)  and  the  lateral  limits  were  3.0  inches 
right  to  3.0  inches  left  of  the  helicopter  centerline. 

The  armament  tests  (both  firing  and  non-firing)  were  conducted 
at  design  gross  weight  at  an  aft  C.G.  location  over  a  density  altitude 
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range  of  3000  to  5000  feet.  The  armament  equipment  was  maintained 
and  loaded  by  U.  S.  Array  Aviation  Test  Activity  personnel. 

Personnel  from  Springfield  Armory,  Springfield,  Massachusetts, 
observed  the  firing  tests  in  a  consulting  and  advisory  capacity. 

The  stability  and  control  tests  were  conducted  in  the  following 
sequence.  The  static  stability  tests  were  conducted  first  at  the 
lower  altitude  and  gross  weight  combinations.  After  a  major 
portion  of  the  static  stability  tests  was  completed,  the  dynamic 
and  controllability  tests  were  started.  This  sequence  allowed  the 
test  program  to  be  conducted  in  the  safest  and  most  logical  manner. 

The  control  rigging  was  checked  prior  to  the  first  test  flight 
to  insure  conformity  with  the  manufacturer's  specifications.  At 
various  times  during  the  test  program  the  control  rigging  was  re¬ 
checked  to  determine  if  any  change  had  occurred. 

The  stability  and  control  characteristics  of  the  0H-4A  were 
checked  for  conformity  with  MIL-H-8501A,  where  applicable.  In 
addition,  a  comparison  with  the  0H-13H  and  OH-23D  helicopters' 
stability  and  control  characteristics  was  made  where  possible. 

The  test  instrumentation  used  during  this  program  was  supplied, 
calibrated,  installed  and  maintained  by  the  Logistics  Division  of 
the  U,  S.  Array  Aviation  Test  Activity.  The  test  instrumentation 
consisted  of  sensitive  visual  indicators  and  a  14-channel 
Midwestern  oscillograph.  A  swivel  type  pitot-static  airspeed 
system  was  used  to  determine  airspeed,  and  fuel  used  was  measured 
by  a  Potter  flow  meter  installation.  The  total  weight  of  the  in¬ 
strumentation  was  116  pounds. 

The  airspeed  and  altitudes  referred  to  in  this  report  are 
calibrated  airspeed  (CAS)  and  density  altitude  (Hp)  unless  otherwise 
noted. 

2.1  STATIC  TRIM  STABILITY 

2.1.1  OBJECTIVE 

The  objectives  of  the  tests  were  to  determine  the  static  trim 
stability  and  flying  qualities  as  the  trim  airspeed  was  varied 
during  climb,  level  flight  and  autorotation. 

2.1.2  METHOD 

The  tests  were  conducted  for  the  flight  conditions  listed  in 
Section  2.0  ."Introduction"  and  as  specified  in  the  following  table, 
unless  otherwise  noted: 

(See  following  page  for  Table) 
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Conditions 

Airspeed  Range 

KCAS 

Climb 

30  to  60 

Level  Flight 

Approx.  20  to  Vmax 

Autorotation 

20  to  45  (Clean  Configuration  Only) 

Autorotation 

20  to  60  (Armed  Configuration  Only) 

Control  positions  and  aircraft  attitudes  were  recorded  for 
each  trim  airspeed.  The  helicopter  was  stabilized  at  the  trim  air¬ 
speeds  by  varying  the  controls  as  required  for  the  flight  conditions. 

2.1.3  RESULTS 

Graphical  test  results  are  presented  in  Figures  No.  1  through 
7,  Section  3,  Appendix  I. 

2.1.4  ANALYSIS 

2 . 1 . 4 . 1  Quantitative  Engineering  Analysis  of  Static  Trim  Stability 
a.  Clean  Configuration 

The  static  longitudinal  trim  stability  was  generally 
positive  (stable)  for  all  flight  conditions  tested.  There  was  a 
•light  longitudinal  cyclic  control  position  reversal  below  35  knots 
calibrated  airspeed  (KCAS);  however,  the  magnitude  of  the  reversal 
was  small  and  was  not  considered  unsatisfactory.  For  all  airspeeds 
above  35  KCAS,  the  cyclic  control  position  moved  forward  with  in¬ 
creasing  airspeed,  and  there  were  no  discontinuities.  Lateral  cyclic 
control  and  directional  control  variations  with  changes  in  airspeed 
were  small  with  the  controls  near  their  center  of  travel  at  100  KCAS. 

As  the  C.G.  location  was  changed  from  forward  (Station 
99.95)  to  aft  (Station  105,80),  the  longitudinal  cyclic  control 
position  moved  forward  approximately  2.0  inches.  Extrapolation 
of  the  test  data  obtained  at  5000  feet  indicated  that  at  an  aft  C.G. 
location  (Station  105.80)  the  helicopter  would  be  longitudinally 
control  limited  to  121  KCAS.  Ten  percent  of  the  longitudinal  control 
travel  remaining  appeared  to  occur  at  106  KCAS.  The  forward  C.G. 
location  (Station  99.95)  resulted  in  a  slight  increase  in  the  low 
speed  longitudinal  control  position  reversal.  Lateral  and  direc¬ 
tional  control  position  characteristics  were  similar  for  all  C.G. 
locations  except  that  at  the  forward  C.G.  location  (Station  99.95) 
and  at  airspeeds  below  35  KCAS  there  was  apparently  a  change  in  tail- 
rotor  effectiveness  and  more  left  pedal  was  required. 

There  were  no  significant  cyclic  or  pedal  control 
position  changes  as  a  function  of  gross  weight.  As  gross  weight  was 
increased  from  a  design  to  an  overload  condition,  the  longitudinal 
cyclic  control  position  moved  slightly  aft  and  the  static  trim 
stability  was  somewhat  less  positive. 
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Longitudinal  cyclic  control  position  moved  aft  approx¬ 
imately  1  inch  as  the  flight  regime  was  changed  from  level  flight  to 
a  steady-state  autorotation.  This  longitudinal  position  change  was 
present  for  all  conditions  tested.  A  slow  transition  from  level 
flight  to  climb  required  the  longitudinal  control  to  be  moved  slightly 
forward  approximately  .3  inch.  During  climb  the  static  trim 
stability  was  similar  to  that  at  level  flight  with  slight  control 
reversal  below  35  KcAS.  During  autorotation,  the  static  trim  stabil¬ 
ity  was  positive  and  there  were  no  discontinuities  for  conditions 
tested.  As  in  level  flight,  moving  the  C.G.  location  either  forward 
or  aft  during  climb  and  autorotation, only  shifted  the  position  of  the 
trim  curve  and  did  not  change  the  basic  trim  stability  characteris¬ 
tics. 


b.  Armed  Configuration 

Test  results  for  the  XM-7  and  XM-8  armed  configurations 
show  the  longitudinal  and  directional  control  static  trim  positions 
to  be  essentially  the  same  as  those  found  for  the  clean  configura¬ 
tion.  The  change  in  lateral  C.G.  location  with  the  armament  in¬ 
stalled,  however,  affected  all  flight  conditions  in  a  similar  manner 
and  required  approximately  1.5  to  2.0  inches  of  right  lateral  cyclic 
displacement. 


All  control  position  changes  for  various  flight  regimes, 
altitude,  and  gross  weight  changes  varied  in  the  same  manner  is  for 
the  clean  configuration. 

With  the  longitudinal  SAE  actuator  failed  in  the  nose-up 
direction,  a  corresponding  forward  longitudinal  control  displacement 
was  required  to  maintain  a  given  attitude.  This  longitudinal  SAE 
failure  would  limit  the  maximum  airspeed  with  a  10  percent  longitud¬ 
inal  control  travel  margin  to  95  KCAS.  No  other  SAE  actuator  failure 
would  appear  to  limit  the  flight  envelope. 

2.1.5  QUALITATIVE  PILOT’S  COMMENTS  ON  STATIC  TRIM  STABILITY 

a.  Clean  Configuration 

The  static  flying  qualities  were  good  in  most  areas.  There 
were  no  safety-of- flight  conditions  to  be  considered  and  the  require¬ 
ments  of  MIL-H-8501A,  paragraph  3.2.1  were  generally  fulfilled. 

The  longitudinal  control  position  gradient  was  generally  positive  and 
a  trim  airspeed  was  easily  maintained  with  a  minimum  of  pilot 
effort. 


Control  forces  and  control  harmony  were  satisfactory. 
Wearing  a  parachute  placed  the  pilot  forward  in  the  seat,  and  the 
longitudinal  control  could  move  sufficiently  aft  to  contact  the  pilot. 
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This  was  particularly  noticeable  at  a  forward  (Station  99.95)  C.G. 
location.  Lateral  cyclic,  directional  pedal  and  collective  control 
position  variations  with  airspeed  were  small  and  were  not 
objectionable.  The  control  reversal  at  35  KCAS  was  noticeable  but 
was  not  considered  unsatisfactory. 

b.  Armed  Configuration 

Static  flying  qualities  were  similar  for  both  armed 
configurations  except  that  right  lateral  cyclic  was  required  to  com¬ 
pensate  for  the  change  in  lateral  C.G.  location  with  the  armament 
installed.  This  change  in  control  position  was  not  objectionable  and 
the  pilot  could  rapidly  become  accustomed  to  the  new  position. 

2.1.6  COMPARISON  OF  THE  STATIC  TRIM  STABILITY  OF  THE  OH-4A  AND  THE 

0H-13H  AND  OH-23D 

The  static  longitudinal  trim  stability  of  the  OH-13H  helicopter 
is  considerably  more  positive  than  that  for  the  OH-4A  helicopter 
during  climb,  level  flight  and  autorotation.  The  low  airspeed 
longitudinal  control  reversal,  however,  is  greater  on  the  OH-13H. 

The  airspeed  at  which  this  reversal  occurs  increases  as  the  longi¬ 
tudinal  C.G.  is  moved  from  an  aft  to  a  forward,  whereas  a  change  in 
longitudinal  C.G.  on  the  0H-4A  helicopter  would  only  slightly  affect 
the  low  airspeed  control  reversal.  The  directional  control  required 
to  stabilize  the  0H-4A  was  less  than  that  for  the  0H-13H  over  the  same 
airspeed  range.  In  addition,  smaller  directional  control  requirements 
were  required  as  the  OH-4A  entered  autorotation.  These  smaller 
control  requirements  provided  better  control  harmony  and  reduced 
pilot  fatigue  during  extended  flights. 

The  lateral  control  gradient  is  essentially  the  same  for  both 
the  OH-4A  and  0H-13H  helicopters.  Increasing  right  stick  was  re¬ 
quired  as  airspeed  increased. 

The  static  longitudinal  trim  stability  on  the  0H-23D  is 
slightly  positive  to  neutral  for  all  conditions  compared,  whereas 
the  OH-4A  was  slightly  positive.  The  directional  and  lateral  control 
requirements  are  virtually  the  same  as  those  for  the  OH-4A  heli¬ 
copter.  The  neutral  longitudinal  stability  exhibited  by  the  0H-23D 
requires  the  constant  attention  of  the  pilot  to  maintain  straight 
and  level  flight.  "Hands  off"  flying  capabilities  are  practically 
non-existent  for  the  OH-23D  helicopter. 

The  static  longitudinal  trim  stability  of  the  0H-13H  and  OH-23D 
are  graphically  compared  co  that  of  the  0H-4A  helicopter  in  Figure  A. 

(See  next  page  for  Figure  A) 
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2.2  STATIC  LONGITUDINAL  COLLECTIVE  FIXED  STABILITY 


2.2.1  OBJECTIVE 

The  objective  of  the  static  longitudinal  collective  fixed 
stability  tests  was  to  measure  quantitatively  the  helicopter  static 
stability  as  airspeed  was  varied  about  a  given  trim  airspeed. 

2.2.2  METHOD 


Static  longitudinal  collective  fixed  stability  tests  were 
conducted  as  specified  for  the  flight  conditions  listed  in  Section 
2.0,  "Introduction"  and  for  all  altitudes,  gross  weights  and  C.G. 
conditions  listed  in  the  following  table: 


Condition 

Level  Flight 
Level  Flight 
Level  Flight 


Trim  Airspeed 

35  KCAS 

.8  Vne 

Vmax  (Clean 
Confi guration 
Only) 


Airspeed  Range 

15  to  50  KCAS 
.6  Vmax  to  Vmax 
.8  Vne  to  Vmax 


The  helicopter  was  trimmed  at  the  specified  level  flight  trim  condi¬ 
tion  with  the  collective  control  fixed.  The  airspeed  was  then  varied 
through  the  specified  range  by  use  of  cyclic  and  pedal  controls  only. 
For  each  point  the  control  positions  and  aircraft  attitudes  were 
recorded. 

2.2.3  RESULTS 

Graphical  test  results  are  presented  in  Figures  No.  8  through 
14,  Section  3,  Appendix  I. 
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2.2.4  ANALYSIS 


2. 2.4.1  Quantitative  Engineering  Analysis  of  the  Static 
Longitudinal  Collective  Fixed  Stability 

a.  Clean  Configuration 

The  static  longitudinal  collective  fixed  stability 
was  generally  positive  (stable)  with  no  objectionable  longitudinal 
control  reversals  encountered  for  the  flight  conditions  tested.  At 
the  aft  longitudinal  C.G.  location  (Station  105.7),  the  longitudinal 
collective  fixed  stability  became  less  positive  as  the  trim  airspeed 
was  increased.  Extrapolation  of  the  test  data  indicates  that  the 
longitudinal  collective  fixed  stability  could  become  neutral  before 
a  trim  airspeed  of  115  knots  calibrated  airspeed  (KCAS)  was 
reached.  Lateral  cyclic  and  pedal  position  variations  with  changes 
in  airspeed  about  a  given  trim  condition  were  small. 

As  the  C.G.  was  moved  to  a  forward  location,  the  collec¬ 
tive  fixed  stability  became  less  positive  at  35  KCAS  and  more  posi¬ 
tive  as  the  trim  airspeed  was  increased.  There  was  little  change 
in  the  lateral  cyclic  or  directional  control  requirements  with  a 
change  in  longitudinal  C.G.  location. 

As  the  gross  weight  was  increased,  the  degree  of 
stability  decreased.  At  the  overload  gross  weight,  the  stability 
became  neutral  at  100  KCAS  and  the  aircraft  became  unstable  at 
speeds  in  excess  of  100  KCAS.  There  was  a  slight  decrease  in  the 
longitudinal  collective  fixed  stability  as  density  altitude  was 
increased  from  a  density  altitude  of  5000  to  10,000  feet.  This 
variation  with  increased  altitude  and  gross  weight  was  not  objec¬ 
tionable  since  trim  speeds  of  approximately  100  KCAS  at  5000  feet 
and  87  KCAS  at  10,000  feet  were  generally  reached  before  the  longi¬ 
tudinal  stability  became  negative. 

b.  Armed  Configuration 

Test  results  for  the  armed  configuration,  both  XM-7 
and  XM-8,  show  that  the  static  longitudinal  collective  fixed 
stability  characteristics  were  essentially  the  same  as  those  of  the 
clean  configuration. 

2.2.5  QUALITATIVE  PILOT'S  COMMENTS  ON  STATIC  LONGITUDINAL  COLLECTIVE 
FIXED  STABILITY 

a.  Clean  Configuration 

The  static  longitudinal  collective  fixed  stability  was 
acceptable  and  generally  positive  for  all  trim  conditions.  The 
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helicopter  was  easy  to  trim  at  any  airspeed  and  maintain  this 
trim  condition  from  35  KCAS  to  100  KCAS.  When  operating  the  air¬ 
craft  near  aft  longitudinal  C.G.  limit,  the  longitudinal  stability 
gradient  became  less  positive  as  airspeed  was  increased.  Very 
little  longitudinal  control  movement  was  required  to  change  air¬ 
speed  under  these  conditions.  The  decrease  in  stability  was  not 
sufficient  to  affect  the  pilot's  ability  to  stabilize  and  main¬ 
tain  a  desired  trim  airspeed  during  flights  in  turbulent  atmos¬ 
pheric  conditions.  There  was  no  significant  change  in  the  lateral 
and  directional  control  requirement  as  the  airspeed  was  varied  -  10 
KCAS  from  trim  airspeed. 

b.  Armed  Configuration 

There  was  no  significant  change  in  the  static  long¬ 
itudinal  collective  fixed  stability  with  either  the  XM-7  or  XM-8 
weapon  system  installed.  The  flying  qualities  and  the  control  re¬ 
quirements  were  essentially  the  same  as  for  the  clean  configuration. 

2.2.6  COMPARISON  OF  THE  STATIC  LONGITUDINAL  COLLECTIVE  FIXED 

STABILITY  OF  THE  0H-4A,  AND  THE  0H-13H  AND  OH-23D  HELICOPTERS 

The  static  longitudinal  collective  fixed  stability  character¬ 
istics  of  the  0H-13H  are  more  positive  than  those  of  the  OH-4A. 

The  0H-4A,  however,  is  generally  positive  in  all  areas  tested.  The 
comparison  plot  (Figure  B)  indicates  that  the  stability  of  the  0H-4A 
becomes  more  positive  as  airspeed  increases  while  the  0H-13H  air¬ 
craft's  longitudinal  stability  decreases  with  increasing  airspeed. 
The  OH-23D  stability  is  negative  over  an  airspeed  range  of  40  KCAS 
to  70  KCAS.  This  negative  stability  characteristic  is  in  violation 
of  MIL-H-8501A  requirements  and  is  considered  unsatisfactory. 

PIG.  fo 

STATIC  LONGITUDINAL 
COLLECTIVE.  FIXED  STA&ILITY 

LE&ENO  •  AIPCRATT  ■  AVi  U-  •  AVS  O.W.  •  AV/O.  C6.  •  ROTOR 
~  ~  L&.  ~  INOIES  RPM 

-  OW-4A  5000  2570  IOO.O(tWB)  534 

-  OW-I3U  5100  2478  85.I0<M®)  344 


f  - 0H-23D  4650  2560  e0.l5(FWt»  570 
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As  airspeed  is  varied  about  the  trim  point ,  the  directional •• 
control  requirements  of  both  the  0H-13H  and  the  OH-23D  are  greater 
than  for  the  0H-4A.  These  larger  control  requirements  result  in 
poorer  flying  qualities  since  the  pilot  must  make  larger  control 
corrections.  This  condition  is  most  significant  while  cruising  in 
turbulent  atmospheric  conditions. 

2.3  STATIC  LATERAL-DIRECTIONAL  STABILITY 

2.3.1  OBJECTIVE 

The  objectives  of  the  static  lateral-directional  stability 
tests  were  to  determine  the  static-directional  stability  and  the  dihed¬ 
ral  effect  throughout  the  flight  envelope  for  both  the  clean  and 
armed  configurations. 

2.3.2  METHOD 

Static  lateral-directional  stability  was  measured  by  recording 
the  amount  of  longitudinal,  lateral  and  directional  control  and  the 
resulting  bank  angle  required  to  produce  a  given  amount  of  sideslip 
angle.  Static-directional  stability  was  determined  by  the  relation¬ 
ship  between  pedal  position  and  angle  of  sideslip.  Effective 
dihedral  was  determined  from  the  lateral  control  relationship  with 
sideslip  angle.  The  tests  were  conducted  for  all  conditions  stated 
in  Section  2.0,  "Introduction",  with  the  exception  of  the  forward 


C.G.  tests.  The  following  airspeeds 
utilized: 

and  flight  conditions  were 

Flight  Condition 

Trim  Airspeed 

Climb 

45  KCAS 

Level  Flight 

35  KCAS  $  .IVne 

Level  Flight 

Vmax  (Clean  Configuration  Only) 

Autorotation 

Vmin  R/D  (45  KCAS) 

Autorotation 

75  KCAS  (Clean  Configuration  Only) 

2.3.3  RESULTS 

Graphical  test  results  are  presented  in  Figures  No.  15 
through  41,  Section  3,  Appendix  I. 

2.3.4  ANALYSIS 

2.3.4. 1  Quantitative  Engineering  Analysis  of  the  Static  Lateral 
birectional  Stability 
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a.  Clean  Configuration 

The  static  lateral-directional  stability  character¬ 
istics  were  generally  considered  acceptable.  The  pedal  control 
and  lateral  cyclic  control  required  per  degree  of  sideslip  in¬ 
creased  with  increasing  airspeed.  Positive  effective  dihedral  was 
present  for  all  conditions. 

During  level  flight  a  slight  pedal  control  reversal  was 
noted  between  zero  degrees  and  10  degrees  right  sideslip  at  35 
KCAS.  The  directional  control  requirements  at  35  KCAS  were  positive 
but  nonlinear  as  sideslip  was  increased  from  10  degrees  right  to  45 
degrees  right  sideslip  and  from  zero  degrees  to  30  degrees  left 
sideslip.  At  the  same  airspeed  the  directional  stability  became 
neutral  or  slightly  negative  for  left  sideslip  angles  greater  than 
30'  degrees.  The  lateral  cyclic  control  requirement  was  generally 
positive  with  additional  left  lateral  cyclic  displacement  required 
with  increasing  left  sideslip  angle.  The  static  directional  stability 
increased  as  airspeed  was  increased  and  decreased  as  altitude  was 
increased.  A  10  percent  control  travel  margin  was  available  about 
all  axes  during  the  tests  conducted. 

The  test  data  indicated  that  the  static  lateral-direct 
tional  stability  and  effective  dihedral  were  positive  during  maximum 
continuous  power  climbs  for  all  conditions  tested.  During  auto¬ 
rotations  static  directional  stability  and  the  dihedral  effect  de¬ 
creased;  however,  they  remained  slightly  positive.  A  10  percent 
right  pedal  control  margin  at  extreme  left  sideslip  angles  was  not 
available  during  autorotation  for  any  configuration  tested.  There 
was  still  enough  directional  control  available,  however,  to  accomplish 
low  speed  (25  KCAS)  autorot ational  360-degree  pedal  turns  in  the  most 
critical  direction  (right). 

b.  Armed  Configuration 

Test  results  for  both  the  XM-7  and  XM-8  configurations 
showed  the  static  lateral-directional  stability  to  be  more  positive 
at  zero  and  15  degrees  right  sideslip  than  that  found  for  the  clean 
configuration.  The  change  in  lateral  C.G.  (1.25  inches  left)  with 
the  armament  installation  introduced  a  requirement  for  additional 
right  lateral  control  (Reference  paragraph  2.1.4.1.b). 

An  SAE  failure  in  the  most  critical  mode  (left  roll) 
was  not  tested  to  determine  if  the  lateral  control  travel  would  be 
limited.  An  SAE  actuator  failure  in  other  modes  should  not  limit 
any  control  travel. 

2.3.5  QUALITATIVE  PILOT’S  COMMENTS  ON  STATIC  LATERAL- DIRECTIONAL 
STABILITY 
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a.  Clean  Configuration 

The  static  lateral-directional  stability  was  generally 
satisfactory  for  all  conditions  tested.  The  dihedral  effect  was 
positive  and  was  considered  satisfactory.  Bank  angles  were  uncom¬ 
fortable  at  the  extreme  sideslip  angles. 

The  stability  was  weakest  during  low  sp“ed  level  flight 
(35  KCAS)  and  autorotation.  The  weak  stability  and  mechanical  play 
("pedal  slop")  in  the  directional  control  system  made  it  difficult  to 
stabilize  at  zero  or  small  angles  of  sideslip.  This  "pedal  slop" 
was  characterized  by  a  small  amount  of  mechanical  play  in  both 
pedals.  As  a  result,  small  pedal  movements  did  not  cause  a  control 
input  to  the  tail  rotor.  In  turbulence,  a  precise  yaw  attitude  was 
difficult  to  maintain  and  the  best  technique  was  to  maintain  the 
pedals  fixed  and  allow  the  aircraft  to  yaw  through  the  small  angles. 

In  a  straight  line  autorotational  descent  with  the 
sideslip  indicator  on  the  gyro  horizon  centered,  the  sideslip  angle 
would  be  7-10  degrees  right  sideslip.  The  directional  stability  in¬ 
creased  with  airspeed  and  at  velocity  never  to  exceed  (Vne) ,  nearly 
full  pedal  was  required  to  bbtain  the  limit  sideslip  angles. 

b.  Armed  Configuration 

Installation  of  the  armament  did  not  significantly 
change  the  flying  qualities.  With  the  left  lateral  C.G.  location 
that  resulted  from  the  armament  installation,  there  was  a  right 
lateral  cyclic  control  requirement  which  placed  the  stick  near  the 
pilot's  right  knee.  With  a  SAE  actuator  failed  in  the  left  roll 
mode,  the  right  lateral  cyclic  control  may  be  limited  by  contact  with 
the  pilot' s  leg. 

2.3.6  COMPARISON  OF  THE  STATIC  LATERAL- DIRECTIONAL  STABILITY  OF  THE 
0H-4A  AND  THE  0H-13H  AND  OH-23D 

The  static  lateral-directional  stability  characteristics  of 
the  0H-4A,  OH-13H  and  0H-23D  helicopters  cannot  be  conpared  on  a 
common  data  basis.  However,  since  the  stability  characteristics 
are  normally  not  significantly  changed  with  variations  in  long-tudinal 
C.G.  location,  the  following  plot  presents  an  adequate  comparison  of 
the  helicopters,  (See  page  20  for  Figure  C) .  Both  the  OH-13H  and 
0H-23D  helicopters*  static  directional  stability  is  stronger  than  that 
for  the  0H-4A,  In  addition,  the  0H-4A  exhibits  a  reversal  in  the 
directional  control  requirement  between  zero  and  10  degrees  right 
sideslip  while  the  0H-13H  and  OH-23D  helicopters'  directional  control 
requirements  are  positive  for  the  entire  sideslip  range. 
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The  0H-4A,  0H-13H  and  0H-23D  helicopters1  lateral  control 
gradients  are  essentially  the  same.  This  indicates  that  the  effec¬ 
tive  dihedral  characteristics  are  positive  and  similar  for  all  three 
helicopters. 

2.4  SIDEWARD  AND  REARWARD  FLIGHT 

2.4.1  OBJECTIVE 

The  objective  of  the  sideward  and  rearward  flight  test  was  to 
determine  the  control  required  to  hover  in  winds  for  various  C.G. 
configurations.  Tests  were  also  conducted  in  the  armed  configura¬ 
tion  to  determine  any  adverse  flying  q jalities  resulting  from  this 
armament  installation.  Additional  tests  were  conducted  in  the  armed 
configuration  with  the  SAE  failed  in  the  most  critical  directions  to 
reveal  any  effect  on  control  power  available. 

2.4.2  METHOD 

Cross  wind  and  tail  wind  hovering  conditions  were  simulated 
by  flying  the  helicopter  sideward  (left  and  right)  and  rearward  in 
calm  air.  A  calibrated  pacer  ground  vehicle  was  used  to  record 
speed  as  the  helicopter  was  stabilized  at  the  various  conditions 
listed  in  the  following  table: 


Flight 

Condition 

C3I539 

Density 

Altitude 

■■I 

Lateral 

Center  of 
Gravity 

Sideward 

Design 

1000  ft 

30  KTAS  It  3rt 

Fwd( 100. 8) 

2.77  in.  It 

Sideward 

Design 

1000  ft 

30  KTAS  It  art 

Fwd(lOl.O) 

Mid 

Sideward 

2350  lb 

1000  ft 

30  KTAS  It  art 

Fwd(99 .5) 

1.20  in.  It 
(approximate) 

Rearward 

Design 

1000  ft 

30  KTAS  rearward 
to  20  KTAS  fwd 

Fwd(lOl.O) 

Mid 

Rearward 

2350  lb 

1000  ft 

30  KTAS  rearward 
to  20  KTAS  fwd 

Fwd(99.5) 

1.20  in.  It 
(approximate) 

The  resulting  coatrol  positions  and  attitudes  were  recorded 
for  each  stabilized  trim  airspeed. 
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2.4.3  RESULTS 


Graphical  test  results  and  time  histories  are  presented  in 
Figures  No.  42  through  48,  Section  3,  Appendix  I. 

2.4,4  ANALYSIS 

2.4.4. 1 


a.  Sideward  Flight 

With  a  symmetrical  lateral  loading  at  a  forward  C.G, 
location  (Station  101.2)  there  was  sufficient  lateral  control  travel 
available  to  attain  the  sideward  true  airspeed  limit  of  20  KTAS 
specified  in  Reference  g.  A  subsequent  revision  of  Reference  g, 

21  May  1964,  allows  a  maximum  sideward  speed  of  30  KTAS;  however, 
tests  were  not  conducted  to  this  higher  airspeed.  Extrapolation 
of  the  test  data  presented  in  Figure  No.  42,  Section  3.,  Appendix  I, 
indicates  that  the  maximum  airspeed  which  can  be  obtained  with  a  10 
percent  lateral  control  travel  margin  will  be  approximately  30  KTAS, 
both  right  and  left.  The  lateral  control  position  versus  sideward 
speed  curve  is  generally  nonlinear  and  positive.  Sideward  flight  to 
30  KTAS  is  not  limited  by  directional  control.  The  static  direc¬ 
tional  stability  is  positive  with  right  pedal  being  required  to 
maintain  beading  during  left  sideward  flight  and  left  pedal  for 
sideward  flight  to  the  right. 

There  were  no  significant  changes  in  the  longitudinal 
position  as  airspeed  was  varied  from  20  KTAS  left  to  20  KTAS  right 
sideward  flight.  The  longitudinal  control  josition  moved  slightly 
aft  as  sideward  airspeed  was  increased  in  either  direction. 

While  sufficient  directional  control  was  available  to 
maintain  the  airspeed  previously  discussed,  the  poor  stability  in 
the  area  of  translational  airspeed  (8-15  KTAS)  to  the  left  required 
many  small  rapid  directional  control  inputs  to  maintain  a  stabilized 
attitude.  In  addition,  there  were  requirements  fors small  longitud¬ 
inal  and  lateral  control  inputs.  As  the  lateral  C.G.  was  moved  from 
a  mid  lateral  to  a  left  lateral  location,  this  instability  in¬ 
creased  in  magnitude. 

There  were  large  undamped  but  controllable  oscillations 
about  all  axes  with  a  left  lateral  C.G.  of  1.18  inches. 

As  the  left  lateral  C.G.  was  increased  to  2.77  inches, 
these  oscillations  became  uncontrollable  in  left  sideward  flight 
for  an  airspeed  range  of  8-15  KTAS.  No  instability  existed  during 
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sideward  flight  to  the  right.  This  asymmetrical  loading  caused 
the  lateral  control  position  to  move  approximately  2.0  inches 
right;  however,  there  was  still  sufficient  right  lateral  cyclic 
control  available  to  obtain  30  KTAS  to  the  right.  Directional 
control  characteristics  from  8  KTAS  left  to  30  KTAS  right  were 
the  same  for  the  clean  configuration. 

With  the  asymmetrical  lateral  C.G.  loading  stated 
above,  the  aircraft  did  not  meet  the  requirements  of  MIL-H-8501A, 
paragraph  3.3.2. 

As  the  longitudinal  C.G.  was  moved  forward  from 
Station  99.5,  the  lateral  and  directional  control  requirements  were 
the  same.  However,  sideward  flight  to  the  left  was  limited  to 
approximately  17  KTAS  by  aft  longitudinal  control  available. 

Allowing  a  10  percent  control  travel  margin  to  overcome 
aircraft  attitude  changes  during  turbulence  reduced  the  left  side¬ 
ward  airspeed  to  14  KTAS.  The  longitudinal  control  requirements 
in  right  sideward  flight  were  much  less  than  for  left  sideward 
flight  and  30  KTAS  could  be  achieved  with  a  10  percent  control  travel 
margin. 


In  the  forward  longitudinal  C.G.  configuration  (Station 
99.5),  with  the  SAE  failed  to  the  full  nose  down  position,  the 
maximum  sideward  flight  speeds  that  could  be  obtained  were  limited. 
Failure  of  the  longitudinal  actuator  to  the  forward  position  intro¬ 
duced  a  requirement  for  additional  aft  cyclic  control  and  limited  the 
maximum  left  sideward  apeed  to  approximately  14  KTAS.  A  10  percent 
control  travel  margin  decreased  the  maximum  left  sideward  speed  to 
10  KTAS.  Sufficient  longitudinal  control  was  available  for  a  30- 
KTAS  sideward  speed  to  the  right.  A  lateral  SAE  failure  shifted  the 
lateral  control  position  approximately  .90  inches  but  did  not  re¬ 
strict  the  sideward  speeds  for  any  condition  tested. 

A  right  directional  SAE  failure  required  an  additional  1 
inch  of  left  pedal  control.  The  directional  control  limit  was 
reached  at  31  KTAS  right  sideward  flight  and  a  10  percent  control 
travel  margin  restricted  the  speed  to  29  KTAS. 

To  obtain  stabilized  sideward  flight  of  30  KTAS  both  to 
the  left  and  right,  the  longitudinal  and  left  lateral  C.G.  locations 
had  to  be  limited  to  Station  101.2  and  1.18  inches  respectively. 

b„  Rearward  Flight 

With  a  symmetrical  lateral  loading  and  a  forward  C.G. 
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location,  (Station  101.0),  there  was  sufficient  longitudinal  control 
available  to  attain  the  rearward  speed  limit  of  20  KTAS  specified 
in  Reference  g.  Extrapolation  of  the  test  data  presented  in  Figure 
No.  47,  Section  3,  Appendix  I,  indicates  that  30  KTAS  rearward 
flight  could  be  achieved  with  a  10  percent  longitudinal  control 
margin. 


A  significant  increase  in  aft  longitudinal  control  was 
required  as  the  aircraft  passed  through  translational  lift  (8-13 
KTAS)  in  rearwcrd  flight;  however,  this  control  requirement  was 
positive  in  direction  and  the  magnitude  was  not  excessive.  No 
discontinuities  in  the  lateral  or  directional  control  requirements 
were  present  and  a  10  percent  control  margin  was  available  for  both 
axes  at  all  conditions  tested. 

With  an  asymmetrical  lateral  loading  of  1.17  inches  left 
of  centerline  and  a  forward  C.G.  location  at  Station  99.5,  stabilized 
rearward  flight  speed  was  limited  to  10.5  KTAS  by  the  aft  longitudinal 
control  available.  The  10  percent  control  travel  margin  requirement 
in  MIL-H-S501A,  paragraph  3.2.1  further  limits  rearward  speed  to 
9.0  KTAS. 


The  longitudinal  control  position  was  displaced  .80 
inches  aft  with  a  forward  longitudinal  C.G.  change  from  Station 
101.0  to  99.5  •  This  loading  condition  increased  the  requirement 
for  aft  longitudinal  cyclic  control  in  the  area  of  rearward  transla¬ 
tional  airspeed.  The  asymmetrical  C.G.  loading  required  an  addi¬ 
tional  2.0  inches  of  right  lateral  control;  however,  a  10  percent 
lateral  control  travel  margin  was  available  at  a  rearward  speed  of 
12  KTAS.  The  directional  requirements  in  rearward  flight  were 
virtually  the  same  for  both  the  symmetrical  and  asymmetrical  loading 
conditions. 


With  the  longitudinal  SAE  actuator  failed  in  this  air¬ 
craft,  nose-down  position  resulted  in  an  additional  aft  longitudinal 
control  requirement  and  this  limited  the  maximum  rearward  flight 
speed  to  9.5  KTAS.  A  10  percent  control  travel  margin  further  de¬ 
creased  the  maximum  rearward  speed  to  7.5  KTAS.  SAE  actuator 
failures  in  other  modes  would  not  further  restrict  the  rea’vard 
flight  capabilities  of  the  helicopter. 

2.4.5  QUALITATIVE  PILOT'S  COMMENTS  ON  SIDEWARD  AND  REARWARD  FLIGHT 

2.4.5. 1  Qualitative  Pilot's  Comments  on  Sideward  Flight 

During  hover  and  transition  to  sideward  flight,  the  heli¬ 
copter  was  free  from  objectionable  shake,  vibration,  or  roughness. 
This  meets  the  requirements  of  MIL-H-8501A,  paragraph  3.3.2. 
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In  sideward  flight  to  the  left  at  a  forward  C.G.  loading 
there  was  an  area  of  yaw  instability  at  approximately  8-15  KTAS. 

This  yaw  instability  in  the  area  of  translational  lift  indicated 
that  it  would  be  difficult  to  hover  the  aircraft  in  a  90  degree 
cross  wind  between  8-15  KTAS.  With  a  near  symmetrical  lateral 
C.G.  location  this  yawing  oscillation  could  be  controlled  and,  rnce 
beyond  15  KTAS,  the  aircraft  was  stable  in  yaw  and  the  flying  qual¬ 
ities  were  satisfactory. 

With  the  aircraft  quartered  slightly  into  the  wind,  there 
was  no  instability  and  this  critical  airspeed  range  could  be  flown 
without  yawing  oscillations.  There  were  no  difficulties  encountered 
in  right  sideward  flight  at  this  loading  configuration. 

Stabilized  sideward  flight  to  the  left  with  a  left  lateral 
C.G.  of  2.77  inches  could  not  be  accomplished  in  the  airspeed 
range  from  8-15  KTAS  because  of  a  divergent  oscillation  in  yaw. 

The  aircraft  was  flown  in  left  sideward  flight  above  the  8-15  KTAS 
critical  area  and  evaluated  qualitatively.  The  helicopter  could  be 
controlled  through  the  critical  area  by  quartering  into  the  wind 
until  past  the  area  of  translational  lift,  then  turning  back  to  90 
degrees  with  the  wind.  The  yawing  oscillation  was  not  present 
beyond  15  KTAS.  It  would  be  impossible  to  accomplish  a  hover  in  a 
90-degree  cross  wind  of  8-15  KTAS  at  this  loading  configuration. 

No  instability  was  encountered  in  right  sideward  flight  at  thi3 
loading  configuration  out  to  the  limits  flown.  At  the  extreme  left 
lateral  loading  configuration  there  could  be  a  right  lateral  control 
restriction  because  the  cyclic  stick  was  very  close  to  the  pilot's 
leg  at  30  KTAS  in  right  sideward  flight.  When  the  left  lateral  loading 
was  reduced  to  1.17  inches  and  a  forward  C.G. (Station  99.5), 
the  aircraft  was  controllable  out  to  30  KTAS.  There  was  still  an 
instability  in  yaw  in  the  area  of  8-15  KTAS  but  the  helicopter  was 
controllable. 

With  a  forward  longitudinal  C.G.  loading  and  a  lateral  C.G. 
of  1.18  inches  left,  the  maximum  left  sideward  flight  limit  was  17 
KTAS  with  the  longitudinal  control  on  the  aft  stop.  This  did  not 
allow  a  sufficient  envelope  for  normal  operation.  No  control  limits 
or  adverse  flight  characteristics  existed  in  right  sideward  flight  at 
this  loading  configuration. 

An  SAH  failure  decreased  the  cyclic  control  available  by  approx¬ 
imately  .6  inch  and  the  directional  control  by  approximately  25 
percent.  When  the  failure  was  in  the  critical  direction,  all  the  previ¬ 
ously  described  limits  were  reduced. 

2 . 4 . 5 . 2  Qualitative  Pilot's  Comments  on  Rearward  Flight 

a.  Clean  Configuration 

The  flying  qualities  during  rearward  flight  were  good; 
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however,  the  maximum  rearward  flight  speed  was  limited  by  some  C.G. 
conditions.  With  a  forward  C.G.  loading  at  Station  101.0  there 
was  adequate  longitudinal  control  to  reach  20  KTAS  rearward.  With 
a  forward  C.G.  loading  at  Station  99.5  there  was  insufficient  long¬ 
itudinal  control  to  exceed  10  KTAS  rearward.  The  forward  C.G. 
loading  should  be  limited  to  Station  101.0  to  provide  a  practical 
flight  envelope.  An  increase  in  aft  longitudinal  control  was  noted 
as  the  aircraft  passed  through  the  translational  lift  speed  range 
(8-15  KTAS).  It  was  easy  to  stabilize  the  helicopter  and  maintain 
a  trim  airspeed  in  rearward  flight.  There  were  no  lateral  or 
directional  control  deficiencies  at  this  most  adverse  C.G.  loading. 

b.  Armed  Configuration 

At  a  forward  longitudinal  C.G.  loading  (Station  99.5) 
and  a  lateral  loading  of  1.17  inches  left  of  centerline,  aft  long¬ 
itudinal  cyclic  control  available  limited  rearward  flight  to  11 
KTAS  in  both  the  XM-7  and  XM-8  configurations.  A  10  percent  control 
travel  margin  or  a  longitudinal  SAE  actuator  failure  further  limit¬ 
ed  the  rearward  flight  speed  at  this  loading  configuration. 

Lateral  and  directional  control  requirements  at- this 
loading  configuration  were  satisfactory  throughout  the  limits  flown. 

2.4.6  COMPARISON  OF  SIDEWARD  AND  REARWARD  FLIGHT  OF  THE  OH-4A  AND 
THE  OH-13H  AND  OH-23D 

2.4.6. 1  Sideward  Flight 

There  is  no  sideward  flight  data  available  for  the  OH-23D 
helicopter.  The  sideward  flight  characteristics  for  the  OH-4A  and 
OH-13H  helicopter  are  presented  in  Figure  D  (See  page  27). 

The  0H-4A  is  longitudinally  control  limited  to  an  airspeed 
of  less  than  19  KTAS  in  sideward  flight  to  the  left  when  operating 
at  the  present  maximum  forward  C.G.  location  (Station  99.0).  The 
OH-13H  has  sufficient  control  to  achieve  30  KTAS  in  both  directions. 
The  longitudinal  control  gradient  is  the  same  for  both  helicopters 
over  the  airspeed  range  tested.  The  nonlinear  and  inconsistent 
lateral  control  requirement  an  the  0H-13H  is  undesirable,  whereas 
the  OH-4A  has  a  relatively  constant  lateral  control  position  gradient. 
The  directional  control  gradient  on  the  0H-4A  is  positive  with  no 
large  or  negative  discontinuities  over  the  airspeed  range  tested. 

The  OH-13H  helicopter's  directional  control  requirement  is  also 
p*sitive  but  there  is  a  sharp  increase  in  the  directional  control 
gradient  as  the  helicopter  passes  through  translational  lift  in 
right  sideward  flight. 

2. 4. 6. 2  Rearward  Flight 

The  rearward  flight  characteristics  for  the  0H-4A  and  0H-13H 
helicopters  are  presented  in  Figure  E,  (See  page  28). 
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No  rearward  flight  data  is  available  for  the  OH-23D  helicopter. 

When  at  a  forward  C.G.  condition,  aft  longitudinal  control  avail¬ 
able  limits  the  0H-4A  rearward  flight  speed  to  11  KTAS  and  the 
0H-13H  to  19  KTAS.  The  longitudinal  and  lateral  control  position 
gradients  are  essentially  the  same  for  both  the  0H-4A  and  OH-1311 
helicopters.  The  directional  control  requirements  of  the  0H-4A 
are  less  than  for  the  0H-13H. 

2.5  DYNAMIC  STABILITY 

2.5.1  OBJECTIVE 

The  objective  of  the  dynamic  stability  tests  was  to  determine 
the  dynamic  stability  characteristics  of  the  0H-4A  throughout  its 
flight  envelope.  Tests  were  also  conducted  to  evaluate  the  change 
in  dynamic  stability  as  a  result  of  the  two  armament  kit  installa¬ 
tions.  Tests  with  the  armament  kits  installed  were  conducted  with 
the  SAE  both  "on"  and  "off"  to  evaluate  its  effect  on  dynamic 
stability. 

2.5.2  METHOD 

The  dynamic  stability  characteristics  were  evaluated  by  re¬ 
cording  the  helicopter  motions  that  resulted  from  pulse-type  con¬ 
trol  inputs.  A  control  fixture  was  used  to  obtain  more  uniform 
inputs.  The  input  was  accomplished  by  rapidly  displacing  the 
control  for  the  desired  axis  approximately  one  inch,  holding  the 
control  in  this  position  for  approximately  1.0  second,  then  rapid¬ 
ly  returned  it  to  the  trim  control  position.  This  trim  control 
position  was  then  held  until  the  helicopter  stabilized  or  recovery 
action  was  necessary.  Control  positions,  aircraft  attitudes,  and 
angular  rates  were  recorded  for  each  pulse  control  input.  The 
following  tests  were  conducted  for  the  conditions  stated  in  Section 
2.0,  "Introduction": 

Condition 

Hover  (IGE 
Climb 

Level  Flight 
Level  Flight 
Autorotation 

2.5.3  RESULTS 

Time  histories  are  presented  in  Figures  No.  49  through 
91,  Section  3,  Appendix  I. 

2.5.4  ANALYSIS 


Trim  Airspeed 

Zero 
45  KCAS 

35  KCAS  and  .8Vne 

Vmax  (clean  configuration  only) 

45  KCAS 
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2.5.4. 1  Quantitative  Engineering  Analysis  of  Dynamic  Longitudinal 
Stability 

a.  Clean  Configuration 

The  longitudinal  dynamic  stability  characteristics  were 
similar  for  all  flight  conditions.  Damping  was  high  and  the  pitching 
motion  was  essentially  damped  out  in  1  cycle  for  aft  control  dist¬ 
urbances  and  "deadbeat"  for  forward  control  disturbances.  As  air¬ 
speed  increased  damping  decreased  and  the  stability  was  less 
positive.  As  the  C.G.  was  moved  forward,  the  longitudinal  oscilla¬ 
tions  became  more  damped  for  all  flight  conditions  tested.  The 
requirements  of  MIL-H-8501A,  paragraph  3.2.11  were  generally  satis¬ 
fied  by  the  longitudinal  dynamic  stability  characteristics  exhibited 
by  the  test  aircraft. 

The  C.G.  normal  acceleration  became  concave  downward 
approximately  .2  second  following  a  1-inch  aft  longitudinal 
control  displacement.  The  maximum  maneuvering  load  factor  listed 
in  Reference  b  was  not  reached  during  the  tests.  The  maneuvering 
stability  characteristics  displayed  by  the  test  aircraft  complied 
with  the  requirements  of  MIL-H-8501A,  paragraphs  3.2.11.1  and 
3.2.11.2. 


There  were  no  adverse  dynamic  couplings  present  during 
the  longitudinal  dynamic  stability  tests.  At  no  time  during  these 
tests  was  the  aircraft  control- limited  during  the  recovery  phase  of 
the  maneuver. 

b.  Armed  Configuration 

Test  results  for  the  armed  configurations  showed  the 
longitudinal  dynamic  stability  to  be  essentially  the  same  as  that 
found  for  the  clean  configuration.  The  helicopter  was  never  control- 
limited  during  recovery  from  a  longitudinal  dynamic  stability 
maneuver.  The  SAE  "on"  was  found  to  have  little  or  no  effect  on 
longitudinal  dynamic  stability  characteristics. 

2. 5.4. 2  Quantitative  Engineering  Analysis  of  Dynamic  Lateral 
Stability 

a.  Clean  Configuration 

Lateral  disturbances  resulted  in  a  "deadbeat"  to  highly 
damped  lateral  oscillation  for  all  flight  conditions  tested. 

Damping  was  highest  during  hover  at  a  forward  C.G.  location.  The 
damping  and  lateral  stability  of  the  aircraft  decreased  slightly  with 
increased  airspeed  and  altitude.  Longitudinal  and  directional 
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coupling  was  present  for  an  aft  C.G.  loading;  however,  this  coupling 
effect  decreased  as  the  C.G.  was  moved  to  a  forward  location. 

These  small  pitch  and  yaw  oscillations  were  highly  damped  for  all 
flight  conditions  tested  except  during  hover.  In  hover,  a  right 
lateral  pulse  caused  the  helicopter  to  roll  right,  pitch  down  and 
then  yaw  right  while  a  left  lateral  pulse  caused  a  left  roll,  pitch 
up  and  yaw  left.  These  attitude  changes  could  be  easily  con¬ 
trolled  and  were  not  objectionable.  Increasing  altitude  had  little 
effect  on  the  lateral  and  directional  coupling. 

b.  Armed  Configuration 

The  lateral  dynamic  stability  characteristics  in  both 
the  XM-7  and  XM-8  configurations  were  found  to  be  basically  the  same 
as  those  exhibited  in  the  clean  configuration. 

When  the  helicopter  was  at  a  left  lateral  C.G.  of  1.25 
inches,  and  at  airspeeds  greater  than  85  knots,  abrupt  right  lateral 
cyclic  control  motions  caused  the  transmission  centering  spike 
(Part  No.  206-030-508-3)  to  contact  the  spike  cradle.  This  was 
a  metal-to-raetal  contact  and  clearly  heard  and  felt  by  the  crew  of 
the  aircraft. 


With  the  SAE  operating  the  dynamic  lateral  stability 
was  not  improved  except  during  hover.  The  SAE,  however,  did  re¬ 
duce  the  directional  and  longitudinal  coupling  that  was  present 
following  a  lateral  disturbance. 

2. 5. 4. 3  Quantitative  Engineering  Analysis  of  Dynamic  Directional 
Stability* 

a.  Clean  Configuration 

A  directional  pulse  to  the  right  in  a  hover  resulted  in 
a  right  yaw  and  the  helicopter  stabilized  on  a  new  heading.  A 
pulse  to  the  left  yawed  the  helicopter  to  the  left.  Following  this 
initial  yaw,  there  was  a  right  yaw  which  was  not  consistent.  In 
some  cases,  the  helicopter  would  stabilize  at  the  trim  heading;  and 
in  other  cases,  it  would  continue  to  yaw  right.  The  reason  for  this 
inconsistency  was  the  undesirable  mechanical  play  in  the  directional 
control  system. 

Dynamic  dir.,tional  stability  in  level  flight  was  posi¬ 
tive.  The  stability  deteriorated  somewhat  as  airspeed  was  increased 
and  the  C.G.  location  was  moved  forward. 

Following  r.  pulse-type  directional  control  input,  the 
helicopter  yawed  in  the  direction  of  the  control  input  then  oscillated 
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about  the  trim  point  with  no  change  from  the  trim  heading.  The 
oscillation  was  damped  to  a  small  value  within  1-1/2  cycles. 

Dynamic  coupling  was  encountered  in  the  form  of  small 
heavily  damped  longitudinal  and  lateral  oscillations.  This 
coupling  was  more  prominent  at  a  forward  C.G.  and  increased  air¬ 
speeds.  It  was  not  significant  during  any  of  the  level  flight  con¬ 
ditions  tested.  High  altitude  and  heavy  gross  weight  did  not  in¬ 
crease  the  coupling  effect. 

The  dynamic  directional  stability  characteristics 
encountered  in  climb  and  autorotation  were  essentially  the  same  as 
those  during  level  flight.  The  longitudinal  and  lateral  coupling 
was  greater  during  climb  than  during  autorotation. 

b.  Armed  Configuration 

The  dynamic  directional  stability  for  the  armed  con¬ 
figurations  was  basically  the  same  as  that  for  the  clean  configura¬ 
tion.  With  the  SAE  Mon"  during  hover,  the  directional  stability 
was  improved  and  the  aircraft  would  return  to  the  trim  heading  and 
attitude.  While  hovering,  the  dynamic  coupling  was  also  decreased 
by  the  SAE.  The  SAE  had  no  apparent  effect  on  the  damping  or 
stability  characteristics  during  forward  flight. 

2.5. 5  QUALITATIVE  PILOT'S  COMMENTS  ON  DYNAMIC  STABILITY 

2. 5. 5.1  Qualitative  Pilot's  Comments  on  Dynamic  Longitudinal 

Stability 

a.  Clean  Configuration 

Longitudinal  pulses  resulted  in  a  highly  damped  pitching 
oscillation.  During  climb  and  low  speed  flight  there  was  a  small 
dynamic  coupling  evidenced  by  a  tendency  to  yaw  right  with  a  pitch-up 
and  yaw  left  with  nose-down  pitching.  This  coupling  was  not  notice¬ 
able  at  higher  airspeeds  and  was  not  objectionable  in  any  case. 

The  normal  acceleration  characteristics  were  good  with 
very  little  load  factor  change  for  a  relatively  large  disturbance. 

b.  Armed  Configuration 

With  the  SAE  "off1,  the  longitudinal  dynamic  stability 
characteristics  with  both  the  XM-7  and  XM-8  configurations  were  the 
same  as  those  for  the  clean  helicopter. 

When  the  SAE  was  "on",  dynamic  longitudinal  stability 
was  slightly  improved  by  the  additional  damping  provided  by  the  system. 
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This  improvement  was  most  noticeable  during  autorotation  and  low 
speed  level  flight. 


2.5.5. 2  Qualitative  Pilot's  Comments  on  Dynamic  Lateral 

St abi  lity  “ 

a.  Clean  Configuration 

Lateral  pulses  resulted  in  a  highly  damped  oscillation. 
There  was  very  little  lateral-directional  coupling  and  the  charac¬ 
teristics  were  very  similar  for  all  test  conditions. 

b.  Armed  Configuration 

The  dynamic  lateral  stability  characteristics  of 
both  the  XM-7  and  XM-8  configurations  were  the  same  as  those  tor  the 
clean  configuration  with  the  SAE  "off." 

When  the  SAE  was  "on",  dynamic  lateral  stability  was 
slightly  improved  by  the  additional  damping  provided  by  the  system. 
This  improvement  was  most  noticeable  during  autorotation  and  low 
speed  level  flight. 

2.5.5. 3  Qualitative  Pilot's  Comments  on  Dynamic  Directional 

Stability 

a.  Clean  Configuration 

Pedal  pulses  resulted  in  a  highly  damped  yawing  motion 
for  all  conditions.  The  directional  oscillation  introduced  a  small 
heavily  damped  complementary  roll  os cil lotion.  All  motions  were 
essentially  damped  to  zero  in  1  cycle  with  no  residual  oscillations. 
There  was  a  small  pitching  oscillation  which  was  nose  down  for  right 
yaw  and  nose  up  for  left  yawing  motions.  This  pitching  motion  was 
small  and  heavily  damped,  and  was  present  at  all  airspeeds.  High 
gross  weights  and  altitudes  did  not  introduce  any  adverse  stability 
characteristics. 

b.  Armed  Configuration 

With  the  SAE  "off,"  the  dynamic  directional  stability 
characteristics  with  both  the  XM-7  and  XM-8  configurations  were  the 
same  as  those  for  the  clean  configuration. 

The  heading  hold  portion  of  the  SAE  system  produced  a 
rapid  response  to  the  yaw  rate.  This  rapid  response  and  the  strong 
corrective  input  were  oi  sufficient  magnitude  to  often  cause  the 
attitude  to  overshoot  the  trim  position.  For  some  conditions  this 
appeared  to  decrease  the  stability  and  cause  a  resulting  oscillation. 
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2.5.b  COMPARISON  OF  THE  DYNAMIC  STABILITY  OF  THE  0H-4A  AND  THE  0H-13H 
AND  OH-23D 

2.5.6. 1  Dynamic  Longitudinal  Stability 

The  longitudinal  dynamic  stability  characteristics  of  the 
0H-4A  are  better  than  those  exhibited  by  the  0H-13H  and  OH-23D 
helicopters.  The  pitching  motion  is  more  highly  damped  and  the  re¬ 
sulting  attitude  changes  are  smaller  for  the  0H-4A.  This  stronger 
positive  dynamic  stability  contributes  significantly  to  the  good  over¬ 
all  longitudinal  flying  qualities  of  the  0H-4A. 

2.5.6. 2  Dynamic  Lateral  Stability 

The  0H-4A  data  show  higher  lateral  damping  than  data  for 
the  0H-13H  and  0H-23D  for  a  lateral  disturbance.  In  general  there 
is  less  lateral-directional  coupling  present.  This  reduces  the 
"Dutch  Roll"  type  of  oscillation  encountered  during  turbulent  flight 
conditions. 

2.5.6. 3  Dynamic  Directional  Stability 

The  dynamic  stability  characteristics  are  similar  for  the 
0H-4A,  0H-13H  and  OH-23D.  At  high  speed,  the  damping  is  slightly 
higher  for  the  0H-13H  than  for  the  0H-4A.  The  lateral-directional 
coupling  resulting  from  a  directional  pulse  is  smaller  for  the  0H-4A 
helicopter.  This  decrease  in  coupling  reduces  the  pilot  effort  re¬ 
quired  to  fly  the  helicopter  in  unstable  atmospheric  conditions. 

2.6  CONTROLLABILITY 

2.6.1  OBJECTIVE 

The  objective  of  the  controllability  tests  was  to  determine  the 
maximum  accelerations  and  rates  that  result  per  inch  of  rapid  step 
control  input.  Additional  tests  were  conducted  to  investigate  any 
controllability  changes  contributed  by  the  armament  installations. 

2.6.2  METHOD 

The  controllability  was  evaluated  by  recording  the  motions  that 
resulted  from  step-type  control  inputs.  A  control  fixture  was  utili¬ 
zed  to  control  the  magnitudes  of  the  step  inputs.  The  step  inputs 
were  accomplished  by  rapidly  displacing  the  control  to  the  desired 
position,  then  holding  the  control  in  this  position  until  the  maxi¬ 
mum  rate  was  reached  or  recovery  action  was  necessary.  The  tests 
were  conducted  for  each  control  axis.  Control  positions,  aircraft 
attitudes,  and  rates  were  recorded  for  each  step  input. 

The  controllability  tests  were  conducted  at  the  following 
trim  airspeeds  for  the  conditions  specified  in  Section  2.0 
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"Introduction",  with  the  exception  of  the  forward  C.G.  loading: 


Condition 

Hove  r 
Climb 

Level  Flight 
Level  Flight 
Autorotation 


Airspeed 

Zero 
45  KCAS 

35  KCAS  and  .8  Vne 

Vmax  (Clean  Configuration  Only) 

Vmin  R/D  45  KCAS 


The  controllability  tests  for  the  armament  configurations 
were  performed  with  the  SAE  both  "on"  and  "off." 

2.6.3  RESULTS 


Test  results  are  presented  graphically  in  Figures  No.  92 
through  189,  Section  3,  Appendix  I. 

2.6.4  ANALYSIS 

2.6.4. 1  Quantitative  Engineering  Analysis  of  Longitudinal 
Controllability 

a.  Clean  Configuration 

(1)  Longitudinal  Control  Sensitivity 

The  longitudinal  control  sensitivity  (deg/sec2/in.) 
of  control  displacement  was  similar  for  all  flight  regimes  (hover, 
climb,  level  flight  and  autorotation).  The  maximum  acceleration  for 
the  longitudinal  axis  was  usually  readied  in  approximately  .50 
second.  The  C.G.  normal  acceleration  at  98  KCAS  was  1.60  g's  for  a 
1-inch  aft  step  and  0.55  g's  for  a  1-inch  forward  step.  The  time 
required  to  reach  these  normal  acceleration  values  was  approximately 
2  seconds.  This  complied  with  the  requirements  of  MIL-II-8501A, 
paragraph  3.2.11.1.  The  longitudinal  sensitivity  was  relatively 
constant  for  all  airspeeds.  The  maximum  variation  in  control  sen¬ 
sitivity  occurred  at  design  gross  weight  and  a  density  altitude  of 
5000  feet  where  the  value  increased  from  8  deg/sec2/in.  to  11  deg/sec2/ 
in.  as  airspeed  was  varied  from  zero  to  98  KCAS  (Reference  Figure  No. 

92,  Section  3,  Appendix  I).  The  longitudinal  control  sensitivity 
was  8  to  9  deg/sec2/in.  (Reference  Figure  No.  92.  Section  3,  Appendix  I) 
from  hover  to  Vmax  for  all  other  weight  and  altitude  conditions  tested. 
The  control  sensitivity  for  climb  and  autorotation  was  found  to  be 
essentially  the  same  as  that  recorded  during  level  flight. 

(2)  Longitudinal  Control  Response 

Following  the  longitudinal  control  input, the 
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resulting  angular  velocity  was  almost  immediate  and  in  the  proper 
direction.  The  angular  velocity  then  increased  in  a  normal  manner. 
The  angular  velocity  trace  became  concave  downward  approximately  .4 
second  following  the  control  input.  This  exceeded  the  minimum  re¬ 
quirements  of  MIL-H-8S01A,  paragraph  3.2.11.1(b). 

The  time  required  to  reach  the  maximum  rate  varied 
from  1,6  seconds  in  a  hover  in-ground-effect  (IGE)  to  1.0  second 
at  98  knots  calibrated  airspeed  (KCAS)  in  level  flight.  The  heli¬ 
copter  was  generally  found  to  be  more  responsive  to  an  aft  step  than 
to  a  forward  step  for  all  conditions  except  hover  IGE.  This  is  a 
desirable  characteristic  and  the  magnitude  of  this  variation  was 
small  and  was  not  considered  significant. 

During  a  hover  IGE  at  design  gross  weight,  the 
response  was  9.5  deg/sec/in.  (Reference  Figure  No.  103,  Section  3, 
Appendix  I).  As  the  gross  weight  was  increased  to  overload  gross 
weight,  the  response  increased  to  11.5  deg/sec/in.  (Reference  Figure 
No.  103,  Section  3,  Appendix  I). 

In  level  flight,  the  control  response  decreased  at 
the  higher  airspeeds  and  was  6.4  deg/sec/in.  (Reference  Figure  No. 
103,  Section  3,  Appendix  I)  at  98  KCAS  for  a  density  altitude  of 
5000  feet  with  a  design  gross  weight  loading.  Increasing  the 
density  altitude  from  5000  to  10,000  feet  reduced  the  response  by 
11.5  percent. 


Longitudinal  control  response  characteristics  during 
climb  and  autorotation  were  nearly  the  same  as  those  in  level  flight 
at  a  similar  airspeed. 

(3)  Angular  Pitch  Displacement 

The  angular  pitch  displacement  (deg/in.)  was  basically 
the  same  for  all  conditions  tested.  In  all  cases  the  longitudinal 
control  input  caused  a  pitch  attitude  change  in  the  proper  direction. 
The  longitudinal  displacement  continued  to  increase  until  recovery 
action  was  necessary.  The  pitch  displacement  was  approximately  4.0 
deg/in.  of  stick  deflection  for  a  design  gross  weight  and  a  density 
altitude  of  5000  feet.  This  value  complied  with  the  minimum  require¬ 
ments  of  MIL-H-8501A,  paragraph  3.2.14.  A  change  in  altitude  had  no 
effect  on  the  angular  pitch  displacement. 

The  recovery  from  the  attitudes  resulting  from  the 
step  inputs  was  easily  accomplished  and  at  no  time  were  the  control 
stops  encountered. 
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b.  Armed  Configuration 

The  longitudinal  controllability  characteristics 
in  the  armed  configuration  were  basically  the  same  as  those  ex¬ 
hibited  for  the  clean  configuration.  The  times  required  to  reach 
the  maximum  accelerations  and  rates  were  also  the  same.  The  SAE 
decreased  the  controllability  by  a  small  amount;  however,  the  angu¬ 
lar  pitch  displacement  was  still  sufficient  to  comply  with  the 
requirements  of  MIL-H-8501A,  paragraph  3.2.13. 

2. 6. 4. 2  Quantitative  Engineering  Analysis  of  Lateral  Controllability 
a.  Clean  Configuration 

(1)  Lateral  Control  Sensitivity 

Lateral  control  sensitivity  was  found  to  be  essen¬ 
tially  the  same  for  all  conditions.  The  maximum  angular  acceleration 
for  a  lateral  step  control  input  was  reached  in  less  than  1/2  second. 
The  characteristics  of  the  angular  acceleration  curve  complied  with 
MIL-H-8501A,  paragraph  3.3.16.  The  lateral  control  sensitivity  was 
19  deg/sec2/in>  (Reference  Figure  No.  125,  Section  3,  Appendix  I) 
for  all  flight  regimes,  with  no  significant  variations  indicated 
as  altitude,  gross  weight  and  airspeed  were  changed.  The  angular 
acceleration  was  immediate  and  in  the  proper  direction  within  0.2 
second  after  the  control  displacement. 

(2)  Lateral  Control  Response 

There  was  no  objectionable  or  excessive  delay  in 
the  development  of  angular  velocity  in  response  to  a  lateral  control 
displacement.  This  fact  satisfied  the  requirements  of  MIL-H-8501A, 
paragraph  3.3.16,  The  time  required  to  reach  the  maximum  roll  rate 
was  0.85  second  for  all  conditions.  The  lateral  control  response 
was  the  same  for  both  left  and  right  control  inputs. 

While  hovering  IGE  at  design  gross  weight  the 
lateral  response  was  13.0  deg/sec/in.  (Reference  Figure  No.  136, 
Section  3,  Appendix  I) ,  which  was  below  the  20  deg/sec/in.  maximum 
limit  stated  in  MIL-H-8501A,  paragraph  3.3.15.  Increasing  the 
gross  weight  from  design  to  overload  did  not  change  the  control  re¬ 
sponse  characteristics. 

The  control  response  decreased  from  13.0  deg/sec/ 
in.  at  a  hover  IGE  to  9.5  deg/sec/in.  (Reference  Figure  No.  136, 
Section  3,  Appendix  I)  at  40  KCAS  for  design  gross  weight  and  a 
density  altitude  of  5000  feet.  Increasing  gross  weight  showed  a 
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slightly  higher  response  at  40  KCAS.  At  a  density  altitude  of 
10,000  feet  the  response  was  a  constant  11.0  deg/sec/in.  for  an 
airspeed  range  of  35  KCAS  to  86  KCAS. 

Lateral  control  response  during  climb  was 
basically  the  same  as  that  for  level  flight  at  the  same  airspeed. 

In  autorotation,  the  control  response  was  20.0  percent  less  than 
for  other  flight  regimes  at  an  airspeed  of  45  KCAS. 

A  longitudinal-directional  coupling  was  present 
for  all  conditions  tested.  Right  yaw  and  a  pitch-down  accompanied 
a  right  lateral  step.  This  coupling  was  encountered  in  all  flight 
regimes  and  became  stronger  as  airspeed  was  increased. 

(3)  Angular  Roll  Displacement 

The  angular  roll  displacement  resulting  from  a 
lateral  cyclic  step  input  was  in  the  proper  direction.  The  roll 
displacement  of  12.0  deg/in.  at  overload  gross  weight  met  the  re¬ 
quirement  of  MIL-H-8501A,  paragraph  3.3.18. 

A  lateral  control  input  during  hover  caused  an 
angular  displacement  of  approximately  11.0  deg/in.  This  angular 
roll  displacement  increased  to  12.0  deg/in.  (Reference  No.  147, 

Section  3,  Appendix  I)  at  overload  gross  weight.  There  was  suffi¬ 
cient  angular  displacement  to  comply  with  the  minimum  requirements 
of  MIL-H-8501A,  paragraph  3.3.18. 

In  level  flight  the  angular  roll  displacement  de¬ 
creased  to  a  minimum  of  7.0  deg/inch  (reference  Figure  No.  147,  Sec¬ 
tion  3,  Appendix  I)  at  40  KCAS  then  gradually  increased  to  10  deg/ 
inch  (reference  Figure  No.  147,  Section  3,  Appendix  I)  at  98.0  KCAS 
for  design  weight  and  a  density  altitude  of  5000  feet.  Increasing 
the  gross  weight  to  the  overload  condition  caused  a  slight  increase 
in  the  angular  roll  displacement  at  35  KCAS  and  a  decrease  at  100 
KCAS.  The  altitude  effect  was  insignificant  with  the  roll  displacement 
having  a  value  of  8.0  deg/in.  at  35  KCAS  and  8.5  deg/in.  at  86  KCAS 
(Reference  Figure  No.  147,  Section  3,  Appendix  I). 

The  angular  roll  displacements  during  climb  and  auto- 
rotation  were  found  to  be  basically  the  same  as  those  found  for  level 
flight. 


b.  Armed  Configuration 

The  lateral  controllability  was  found  to  be  essentially 
the  same  as  that  for  the  clean  configuration.  The  angular  displace¬ 
ment  at  high  airspeed,  however,  was  greater  to  the  left  than  to  the 
right.  With  the  SAE  "on"  the  lateral  control  sensitivity,  response  and 
angular  roll  displacement  were  decreased  by  a  small  amount  for  all  fli¬ 
ght  conditions  but  were  still  considered  good.  The  angular  roll  displace¬ 
ment  was  sufficient  to  comply  with  MIL-II-8501A,  paragraph  3.3.18. 
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2.6.4. 3  Quantitative  Engineering  Analysis  of  Directional 
Controllability 

a.  Clean  Configuration 

(1)  Directional  Control  Sensitivity 

During  a  hover  IGE  at  design  gross  weight  and 
a  density  altitude  of  approximately  1000  feet,  directional  angular 
acceleration  was  82  and  64  deg/sec^/in.  (Reference  Figure  No.  15S, 
Section  3,  Appendix  I)  for  a  left  and  right  pedal  input,  respectively. 
At  the  overload  gross  weight,  the  sensitivity  decreased  to  69  for 
left  and  54  deg/sec2/in>  (Reference  Figure  No.  158,  Section  3, 

Appendix  I)  for  right  pedal  inputs. 

For  a  level  flight  airspeed  of  35  KCAS,  the  sensi¬ 
tivity  decreased  to  48  deg/sec^/in.  (Reference  Figure  No.  158,  Section 
3,  Appendix  I)  for  design  gross  weight  and  a  density  altitude  of 
4800  feet.  Increasing  the  airspeed  to  99  KCAS  further  decreased 
the  sensitivity  to  38  deg/sec2/in.  (Reference  Figure  No.  158, 

Section  3,  Appendix  I).  An  increase  in  gross  weight  to  the  overload 
condition  did  not  significantly  change  the  sensitivity.  As  density 
altitude  was  increased  to  10,000  feet,  the  directional  control 
sensitivity  decreased  to  38  deg/sec2/in.  (Reference  Figure  No.  158, 
Section  3,  Appendix  I)  at  35  KCAS  and  remained  the  same  for  all 
airspeeds  up  to  92  KCAS. 

Directional  control  sensitivity  during  climb  and 
autorotation  was  found  to  be  essentially  the  same  as  that  for 
similar  level  flight  conditions. 

(2)  Control  Response 

A  directional  step  co..‘rol  input  resulted  in  an 
immediate  angular  yawing  velocity  in  th *  proper  direction.  The  yaw 
rate  characteristics  complied  with  MIL-H-^i01A,  paragraph  3.3.16. 

The  time  required  to  obtain  the  maximum  yaw  rate 
varied  from  a  maximum  of  1.10  seconds  at  35  KCAS  to  0.6  second  at 
Vmax.  The  helicopter  was  generally  found  to  be  more  responsive 
for  left  than  for  right  pedal  inputs.  This  difference  in  response 
was  small  for  all  flight  conditions  except  hover  and  was  not  con¬ 
sidered  objectionable. 

The  maximum  directional  control  response  in  a  hover 
IGE  could  not  be  obtained.  Although  the  directional  control 
input  was  held  for  approximately  3  to  5  seconds,  the  yaw  rate  con¬ 
tinued  to  increase  and  the  maximum  was  not  achieved  before  recovery 
action  was  necessary.  For  this  reason,  the  yaw  rate  was  measured 
at  1/2  second  after  the  control  input.  The  angular  velocity 
during  a  hover  at  design  gross  weight  and  a  density  altitude  of 
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approximately  1000  feet  was  26  and  22  deg/sec/in.  (Reference 
Figure  No.  168,  Section  3,  Appendix  I)  at  1/2  second  after  left 
and  right  pedal  inputs,  respectively.  Increasing  gross  weight 
to  the  overload  condition  had  little  effect  on  the  directional 
response. 


Increasing  the  level  flight  airspeed  decreased 
the  directional  control  response.  The  angular  velocity  at  design 
gross  weight  and  a  density  altitude  of  4800  feet  was  28  deg/sec/ 
in.  at  35  KCAS  and  decreased  to  8  deg/sec/m.  (Reference  Figure 
No.  168,  Section  3,  Appendix  I)  at  99  KCAS.  A  change  in  gross 
weight  and  density  altitude  had  little  to  no  effect  on  the  direc¬ 
tional  response  characteristics  during  level  flight.  The  maximum 
angular  yawing  velocity  resulting  from  directional  control  inputs 
during  climb  was  slightly  less  than  that  obtained  in  level  flight. 

Directional  response  during  autorotation  was 
higher  than  that  observed  during  level  flight.  As  density  altitude 
was  increased,  the  directional  response  decreased.  Increasing 
the  gross  weight  had  no  effect. 

Longitudinal-lateral  coupling  was  present  for 
all  conditions  tested.  The  resulting  motion  for  a  left  pedal 
step  input  was  a  yaw  left  followed  by  a  slight  pitch  up;  then  as 
the  yawing  motion  to  the  left  continued,  the  helicopter  pitched 
down  and  rolled  left.  The  coupling  effect  resulting  from  a  right 
directional  step  was  a  yaw  right  followed  almost  immediately  by  a 
roll  right  and  pitch  down.  The  coupling  became  stronger  as  the 
airspeed  was  increased. 

(3)  Angular  Directional  Displacement 

The  angular  directional  displacement  resulting  from 
a  step  input  was  positive  for  all  flight  conditions  tested.  The 
minimum  directional  displacement  complied  with  MIL-H-8501A,  paragraph 
3.3.5.  The  angular  directional  displacement  was  found  to  be  essen¬ 
tially  the  same  for  all  conditions  tested. 

A  1  inch  directional  control  input  during  hover 
caused  an  angular  displacement  of  29  deg/in.  pedal  movement  at  a 
design  gross  weight  and  a  density  altitude  of  approximately  1000 
feet.  The  directional  displacement  increased  to  35  deg/in.  pedal 
movement  (Reference  Figure  No.  180,  Section  3,  Appendix  I)  as  the 
gross  weight  was  increased  to  the  overload  configuration. 

The  yaw  displacement  in  level  flight  decreased 
with  airspeed  and  was  20  deg/in.  at  an  airspeed  of  35  KCAS  and  14 
deg/in.  (Reference  Figure  No.  180,  Section  3,  Appendix  I)at  99  KCAS. 

An  increase  in  gross  weight  had  little  effect  on  the  directional 
displacement  during  level  flight  but  an  increase  in  density  altitude 
caused  the  yaw  displacement  to  decrease. 
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b.  Armed  Configuration 


The  directional  controllability  for  the  armed  config¬ 
urations  was  essentially  the  same  as  that  found  for  the  clean  con¬ 
figuration.  With  the  SAE  "on"  the  .directional  control  sensitivity 
response  and  angular  yaw  displacement  were  decreased  slightly. 

2.6.5  QUALITATIVE  PILOT'S  COMMENTS  ON  CONTROLLABILITY 

a.  Clean  Configuration 

The  longitudinal  control  sensitivity  and  control  response 
were  satisfactory  and  the  characteristics  were  similar  for  all  the 
conditions  tested.  The  pitching  motion  resulting  from  a  longitud¬ 
inal  input  was  in  the  proper  direction  and  there  was  no  objection¬ 
able  delay  prior  to  the  angular  acceleration.  The  longitudinal 
control  sensitivity  and  response  were  sufficient  for  good  maneuver¬ 
ing  characteristic  during  hover.  The  characteristics  were  essen¬ 
tially  unchanged  as  airspeed  increased  and  there  was  no  tendency 
to  overcontrol  at  the  high  airspeeds.  The  normal  C.G.  acceleration 
characteristics  were  good  at  high  speed  and  the  limit  load  factors 
were  never  approached.  The  control  system  effectively  prevented 
any  feed-back  forces  from  the  rotor  and  there  were  no  stick  forces 
associated  with  high  speed  maneuvering. 

Lateral  control  sensitivity  and  response  were  good. 
Following  a  control  input  the  rolling  motion  was  immediate  and  in 
the  proper  direction.  The  rate  characteristics  were  good. 

Following  the  control  input,  rate  of  roll  increased  rapidly  to  a 
maximum  value  and  maintained  this  value  until  recovery  was  initiated. 
This  is  an  excellent  feature  which  assisted  the  pilot  in  rolling  the 
aircraft  to  a  desired  attitude  precisely.  There  was  a  strong 
lateral-directional  coupling  with  a  yaw  immediately  following  the 
rolling  motion.  There  was  a  tendency  for  the  helicopter  to  pitch 
down  with  both  left  and  right  lateral  control  inputs.  This  long¬ 
itudinal  coupling  is  not  desirable.  The  lateral-directional 
maneuvering  characteristics  were  very  good  and  comply  with  the 
requirements  of  MIL-H-8501A,  paragraphs  3.3.8,  3. 3.9.1  and  3. 3. 9. 2. 

A  lateral  control  input  resulted  in  well  coordinated  turns  and  there 
was  no  requirement  for  directional  control  inputs.  Although  weaker 
at  low  speeds,  these  lateral-directional  stability  characteristics 
were  satisfactory  for  all  flight  conditions.  The  lateral  flying 
qualities  were  also  satisfactory  during  climb  and  autorotation. 

The  high  directional  control  sensitivity  and  control 
response  were  objectionable.  These  characteristics,  coupled  with 
the  "pedal  slop"  in  the  control  system,  resulted  in  frequent  over¬ 
controlling  and  difficulty  in  stabilizing  during  turbulent  conditions. 
This  was  most  apparent  during  hover  and  low  speed  forward  flight. 

There  was  very  little  rolling  from  the  directional  control  input; 
however,  the  characteristic  pitch-down  with  right  yaw  and  Ditch-up 
with  left,  yaw  were  present.  The  severity  of  the  pitching  increased 
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with  airspeed  and  was  most  objectionable  at  high  speed. 
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b.  Armed  Configuration 

The  controllability  characteristics  for  both  the  XM-7 
and  XM-8  configurations  about  all  3  axes  were  the  same  as  for  the 
clean  configuration.  With  the  SAE  "on"  there  was  a  slight  decrease 
in  controllability.  This  decrease  in  controllability  did  not 
subtract  from  the  good  over-all  flying  qualities  and  maneuverability 
characteristics  of  the  helicopter. 

2.6.6  COMPARISON  OF  CONTROLLABILITY  OF  THE  OH-4A  AND  THE  OH-13H 

AND  OH- 2 3D 

The  longitudinal  and  lateral  controllability  characteristics 
exhibited  by  the  0H-4A  are  as  good  as,  or  better  than,  those  dis¬ 
played  by  the  OH-13H  and  OH-23D.  The  directional  controllability 
characteristics  of  the  0H-4A  are  inferior  to  those  of  the  OH-13H 
and  OH-23D  helicopters  because  of  the  helicopter's  high  sensitivity 
and  response  in  a  hover.  The  representative  values  of  each  heli¬ 
copter  are  found  in  Figures  F  and  G  on  pages  43  and  44. 

2.7  ARMAMENT  FIRINGS 

2.7.1  OBJECTIVE 

The  objectives  of  the  tests  were  to  determine  the  effects  of 
the  armament  on  the  basic  helicopter  controllability  during  a  firing 
sequence  and  to  evaluate  the  SAE  contribution  to  the  flying  quali¬ 
ties. 

2.7.2  METHOD 

The  effect  of  the  armament  was  obtained  by  recording  the 
motions  that  resulted  from  a  firing  sequence.  The  firings  were  con¬ 
ducted  from  a  stabilized  condition  and  the  firing  sequence  was  normally 
2  to  4  seconds  in  duration.  During  some  of  the  firings  a  stabilized 
condition  was  maintained  by  applying  the  necessary  control  inputs. 

In  other  cases,  the  controls  were  fixed  and  the  helicopter  was  allowed 
to  respond  freely  to  any  moments  contributed  by  the  armament.  All 
control  positions,  aircraft  attitudes  and  rates  were  recorded  for 
each  firing.  The  tests  were  conducted  on  both  armament  kits  at  the 
following  conditions: 


(See  page  45  for  Table) 
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Armament  Kits’  Test  Conditions 


Flight  Conditions 
Rearward  Flight  (IGE) 

Sideward  Flight  (left  and  right  IGE) 

Hovering  Flight  (IGE) 

Transition  from  Hover  to  Forward  Flight  (IGE) 

Transition  from  Forward  Flight  to  Hover  (IGE) 

Level  Flight  (0  deg  sideslip) 

35  KCAS,  50  KCAS ,  92  KCAS  and  105  KCAS 

Level  Flight  (Yawed),  35  KCAS, 

50  KCAS,  92  KCAS  and  105  KCAS 

Accelerated  Flight  at  a  Trim  Airspeed 
of  92  KCAS  at  the  maximum  C.C.  normal 
acceleration  demonstrated  by  the  contractor 

These  tests  were  all  conducted  with  guns  elevated  full  up 
(3.5  degrees)  and  depressed  full  down  (35  degrees)  for  both  SAE  "on" 
and  "off." 


During  the  firing  tests,  air  samples  were  collected  to 
determine  the  degree  of  cockpit  air  contamination  from  the  gases  ex¬ 
pelled  by  the  armament. 

2.7.3  RESULTS 

Tine  histories  illustrating  the  helicopter  response  during  the 
firings  are  presented  for  each  armament  installation  in  Figures 
No.  193  through  240,  Section  3,  Appendix  I. 

2.7.4  ANALYSIS 

2. 7.4.1  Quantitative  Engineering  Analysis  of  XM-7  and  XM-8 
Armament  Firings 

a.  XM-7  Configuration 

The, change  in  controllability  (SAE  "on"  or  "off') 
as  a  result  of  the  firing,  was  very  small  for  all  conditions  tested. 
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In  a  hover  the  helicopter  tended  to  yaw  left  2  to  3  degrees  dur¬ 
ing  the  initial  firing,  then  remain  steady  as  the  firing  sequence 
was  continued.  This  characteristic  was  evident  fo’*  all  conditions 
tested.  Kith  the  guns  rotated  full  down  (35  degrees)  there  was  a 
small  (  3  to  4  degrees)  right  roll  present. 

The  strong  lateral-directional  stability  of  the 
helicopter  effectively  reduced  the  rolling  and  yawing  tendency  as 
airspeed  was  increased. 

b.  XM-8  Configuration 

The  effect  of  the  armament  firing  on  the  helicopters 
controllability  (SAE  "on"  or  "off")  was  very  small  for  all  condi¬ 
tions  tested.  While  hovering  with  the  XM-8  firing  when  elevated 
to  the  full-up  position  (3.5  degrees)  the  aircraft  yawed  left 
approximately  3  to  4  degrees,  rolled  right  and  pitched  up  2  to  3 
degrees.  This  attitude  stayed  constant  during  the  remainder  of 
the  firing  sequence.  Increasing  airspeed  tended  to  damp  these  motions 
and  there  was  essentially  no  reaction  at  105  KCAS  (Vne).  The 
reaction  to  the  XM-8  firing,  in  a  hover  with  the  elevation  35  degrees 
down,  was  to  yaw  left  2  to  3  degrees,  roll  right  1  to  2  degrees  and 
pitch  down  1  to  2  degrees.  Increasing  the  airspeed  greatly  reduced 
the  motion  resulting  from  the  firing  sequence. 

c.  Cockpit  Contamination 

During  the  armament  firing  tests  the  cockpit  was 
checked  for  carbon  monoxide  (CO)  contamination.  The  CO  level  was 
acceptable  for  all  conditions  tested.  Even  though  the  CO  content 
was  low;  however,  there  was  a  strong  gas  odor  present.  The  cockpit 
should  be  checked  for  other  toxic  gases,  such  as  nitorgen  oxide 
(NO2)  and  ethyl  mercoptan  (C2H5SH). 

2.7.5  QUALITATIVE  PILOT'S  COMMENTS  ON  ARMAMENT  FIRINGS 
a.  XM-7  Configuration 

During  the  initial  firing  test,  it  was  found  that  when 
the  left  lateral  C.G.  location  exceeded  1.30  inches,  the  transmission 
centering  spike  contacted  the  spike  cradle  during  high  speed 
forward  flight  and  during  normal  maneuvering  flight.  This  contact 
transmitted  unknown  structural  loads  *0  the  aircraft  and  the  vibration 
was  disconcerting  to  the  pilot.  To  eliminate  the  spike  contact  the 
helicopter  was  ballasted  so  that  the  left  lateral  C.G.  did  not  exceed 
1.30  inches  for  all  subsequent  firing  tests. 
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The  SAE  effectively  corrected  for  any  aircraft  movements 
contributed  by  the  guns  firing.  During  high  speed  and  maneuvering 
flight  it  was  very  easy  to  get  "on  target"  and  maintain  the  desired 
flight  condition  with  a  minimum  of  pilot  effort.  The  good  basic 
stability  of  the  helicopter  provided  a  stable  firing  platform  and 
the  small  improvement  afforded  by  the  SAE  is  questionable.  The 
heading-hold  feature  of  the  SAE  allowed  the  pilot  to  maneuver  the 
aircraft  easily  to  a  desired  heading  without  making  control  inputs. 

The  SAE  was  generally  reliable;  however,  a  hardover  encountered 
during  a  firing  mission  would  result  in  a  sudden  control  requirement 
and  difficulty  in  maintaining  accurate  fire. 

Frequent  jamming  of  the  upper  gun  occurred  frequently. 

This  was  caused  by  the  size  of  the  shell  casing  exit  area  in  the  gun 
fairing  which  was  too  small  and  caused  the  spent  shell  casings  to 
jam  the  weapon.  The  jamming  sequence  was  believed  to  occur  as  follows: 

(1)  The  spent  shell  casings  accumulated  in  the  exit  chute 
and  ricocheted  back  into  the  gun  breech  area. 

(2)  The  gun  feed  mechanism  simultaneously  fed  an  unfired 
round  into  the  breech. 

(3)  The  spent  casings  and  the  unfired  round  jammed  the 
breech  and  barrel  area. 

In  one  instance,  the  jammed  shell  casing  was  found 
backward  in  the  breech  area.  As  an  interim  measure,  the  gun  fairing 
was  removed.  After  the  removal  of  the  fairing,  over  7000  rounds  were 
fired  without  a  malfunction  of  the  type  described. 

During  the  firing  test  the  debris  (shell  casings, 
misfired  rounds  and  ammunition  belt  links)  from  the  weapons  was 
sufficiently  clear  of  the  aircraft.  The  ejection  pattern  was  such 
that  the  material  fell  down  and  away  from  the  aircraft.  While 
firing,  the  ejected  material  came  nearest  the  aircraft  during  a  left 
rolling  pull-v.p. 


The  standard  airspeed  system  was  found  to  be  inaccurate 
during  a  firing  sequence.  The  airspeed  indicator  fluctuated  -15  KIAS. 
This  condition  was  attributed  to  the  change  in  the  airflow  around  the 
pitot-static  port. 

b.  XM-8  Configuration 

The  flying  qualities  were  basically  the  same  as  with  the 
XM-7  armament  system. 
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The  structual  vibratory  loads  induced  by  the  firings  were 
not  quantitatively  investigated.  The  vibrations  were  qualitatively 
judged  to  be  higher  with  the  XM-8  than  with  the  XM-7  armament  system. 

Two  torque  tube  mount  assemblies  of  the  XM-8  system  were 
damaged  by  vibration  loads  to  the  point  where  firing  could  no  longer 
be  conducted  safely.  Cracks  and  fractures  were  also  encountered  on 
the  ammunition  mounting  rack  assembly. 

2.8  AUTOROTATIONAL  CHARACTERISTICS 

2.8.1  OBJECTIVE 

The  objectives  of  the  autorotational  entries  were  to  quanti¬ 
tatively  investigate  the  attitude  changes  and  the  control  inputs 
required  to  stabilize  the  helicopter  in  the  event  of  a  sudden  loss 
in  engine  power. 

2.8.2  METHOD 

The  autorotational  entries  were  performed  by  first  stabilizing 
the  aircraft  for  a  given  trim  condition  and  then  rapidly  reducing 
power  to  enter  autorotation.  The  collective  pitch  control  trim  pos¬ 
ition  was  maintained  for  at  least  2  seconds  after  the  simulated  power 
reduction,  at  which  time  the  collective  control  was  lowered.  All 
other  flight  controls  were  held  in  the  trim  position  until  the  heli¬ 
copter  was  in  stabilized  autcrotation  or  until  corrective  action  was 
necessary.  Control  positions,,  aircraft  attitudes  and  rates  were 
recorded  for  each  autorotatiou  entry.  The  tests  were  conducted  at 
an  airspeed  of  15  KCAS  to  97  KCAS  for  the  conditions  specified  in 
Section  2.0,  "Introduction." 

2.8.3  RESULTS 

Time  histories  are  presented  in  Figures  No.  241  through  243, 
Section  3,  Appendix  I. 

2.8.4  ANALYSIS 

2.8.4. 1  Quantitative  Engineering  Analysis  of  Autorotational 
Characteristics 


a.  Clean  Configuration 

A  sudden  reduction  in  power  did  not  cause  any  adverse 
pitching  or  rolling  moments  and  the  autorotational  entry  characteristics 
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generally  comply  with  the  requirements  of  MIL-H-8501A,  paragraph 
3. 5. 5.1.  There  was  sufficient  rotor  inertia  to  allow  the  collective 
control  to  be  held  in  the  trim  position  for  at  least  2  seconds  after 
the  power  reduction,  without  causing  the  rotor  speed  to  decrease  to 
a  value  below  the  minimum  rpm  power  off. 

Following  the  power  reduction  the  predominant  motion 
of  the  aircraft  was  to  yaw  left  immediately;  however,  this  trim 
change  was  mild  and  easily  controllable.  The  highest  autorotational 
entry  airspeed  investigated  was  97  KCAS.  Autorotational  entry 
characteristics  were  not  affected  by  variations  in  altitude  or  gross 
weight. 


The  rotor  speed  decay  rate  was  nonlinear  with  a  high 
decay  rate  at  the  initial  power  loss  and  a  decreasing  decay  rate  as 
rotor  speed  decreased.  The  rotor  speed  decay  rate  was  found  to  be 
primarily  a  function  of  collective  control  position  with  the  highest 
decay  rates  being  at  high  power  and  high  collective  pitch  conditions 
such  as  hover,  climb,  maximum  airspeeds,  and  heavy  gross  weight. 

Rotor  speed  buildup  and  the  collective  control  of  the  rotor  speed 
were  satisfactory  under  all  conditions  tested. 

b.  Armed  Configurations 

Test  results  for  the  armed  configurations  showed  that 
the  autorotational  entry  characteristics  were  basically  the  same 
as  those  for  the  clean  configuration. 

2.8.5  QUALITATIVE  PILOT'S  COMMENTS  ON  AUTOROTATIONAL  CHARACTERISTICS 
a.  Clean  Configuration 

Autorotation  entry  characteristics  were  very  good.  Auto¬ 
rotation  entries  were  performed  at  airspeeds  from  15  KCAS  to  Vmax 
at  5000  and  10,000  feet  density  altitude  and  at  both  forward  and  aft 
C.G.  loadings.  With  a  sudden  reduction  in  power,  there  was  an  immed¬ 
iate  yaw  to  the  left  which  was  easily  controlled.  No  pitching, 
rolling  or  other  adverse  characteristics  were  noted.  There  was 
sufficient  rotor  inertia  present  to  allow  the  collective  pitch  control 
to  be  held  in  the  trim  position  for  2  seconds  after  the  power  reduc¬ 
tion.  With  the  collective  fixed,  rotor  speed  decayed  rapidly  but 
the  rate  of  decay  slowed  after  1  or  2  seconds.  The  rotor  speed 
stabilized  at  approximately  75  percent;  however,  the  value  of  the 
stabilized  rotor  speed  was  influenced  by  some  residual  power  from 
the  engine.  When  the  collective  pitch  was  lowered  rapidly,  there  was 
a  slight  pitch  up.  With  the  collective  pitch  down,  rotor  speed  in¬ 
creased  rapidly  and  a  rotor  overspeed  would  result  if  the  collective 
pitch  was  left  in  the  full  down  position. 
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b.  Armed  Configuration 


No  adverse  characteristics  were  noted  in  the  armed 
configuration  and  the  reaction  to  a  sudden  power  loss  was  basically 
the  same  as  for  the  clean  configuration. 

2.9  FLIGHT  CONTROL  SYSTEM  EVALUATION 

2.9.1  OBJECTIVE 

The  objective  of  these  tests  was  to  quantitatively  evaluate 
the  flight  control  system  for  force  gradients,  static  and  dynamic 
friction.  The  control  systems  were  also  evaluated  to  determine 
compliance  with  MIL-H-8501A  with  the  hydraulic  boost  system  both 
"on"  and  "off." 

2.9.2  METHOD 

The  control  system  "breakout"  forces  and  force  gradients 
were  evaluated  by  recording  the  force  required  for  a  control  mov'e- 
ment  with  the  frictional  control  varied  from  the  full  "on"  to  the 
full  "off"  position  (where  applicable).  The  tests  were  conducted 
with  the  helicopter  on  the  ground  with  the  rotor  static  and 
hydraulic  pressure  being  applied  to  the  control  system  by  an  ex¬ 
ternal  source.  Qualitative  tests  were  also  conducted  on  the  con¬ 
trol  systems  during  the  stability  and  control  tests. 

2.9.3  RESULTS 

Test  results  are  presented  graphically  and  summarized  in 
Figures  No.  244  through  247,  Section  3,  Appendix  I. 

2.9.4  ANALYSIS 

2.9.4. 1  Quantitative  Engineering  Analysis  of  Flight  Control  System 

a.  Longitudinal  Control  Forces 

The  longitudinal  breakout  forces  with  the  boost  system 
operative  were  found  to  be  above  the  maximum  allowed  in  MIL-H-8501A, 
paragraph  3.2.7.  The  breakout  force  varied  approximately  1  pound 
as  the  adjustable  friction  control  was  varied  from  the  full  "on"  to 
the  full  "off  position. 
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The  longitudinal  force  gradient  was  found  to  be  slightly 
negative  when  the  cyclic  stick  was  traveling  from  a  full  forward  to 
full  aft  position.  The  longitudinal  force  gradient  was  positive 
when  moving  the  cyclic  stick  from  aft  to  forward.  This  stick  force 
reversal  was  contrary  to  the  requirements  of  N1IL-H-8501A,  paragraph 
3.2.4. 


b.  Lateral  Control  Forces 

When  the  boost  system  was  operative  the  lateral  break¬ 
out  forces  were  larger  than  the  maximum  allowed  in  MIL-M-8501A, 
paragraph  3.2.7.  The  change  in  breakout  forces  with  the  control 
friction  setting  was  found  to  be  approximately  1  pound  between  the 
full  ''on"  and  full  "off"  position. 

The  lateral  force  gradient  was  found  to  be  slightly 
negative  when  the  cyclic  stick  was  displaced  in  either  direction. 

This  negative  force  gradient  was  in  violation  of  MIL-H-8501A,  para¬ 
graph  3.2.4. 


c.  Directional  Control  Forces 

The  directional  control  breakout  forces  with  boost 
system  operative  were  found  in  most  cases  to  be  below  those  required 
in  MIL-H-8501A,  paragraph  3.2.7.  These  forces  were  inadequate  and 
should  be  increased  to  comply  with  the  requirements  of  MIL-H-8501A. 

The  directional  force  gradient  was  positive  over  the 
entire  pedal  travel  range.  There  were  no  objectionable  discontinu¬ 
ities  in  tho  force  gradient  and  the  requirements  of  MIL-H-8501A, 
paragraph  3.2.4,  are  complied  with. 

d.  Longitudinal  and  Lateral  Control  Travel  Limits 

The  longitudinal  control  travel  limits  were  found  to 
be  a  function  of  the  lateral  cyclic  position.  The  lateral  control 
limits  were  dependent  upon  the  longitudinal  control  position.  These 
changes  in  the  control  limits  were  caused  by  the  irregular  shape  of 
the  cyclic  stick  pattern,  which  consequently  caused  a  change  in  the 
available  control  travel.  The  data  in  this  report  were  based  on 
maximum  full  longitudinal  control  travel  (8.2  inches)  and  maximum 
lateral  control  travel  (9.5  inches).  The  following  figure  graphically 
illustrates  the  cyclic  control  pattern.  (See  Figure  II,  Page  52). 
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2.9.5  QUALITATIVE  PILOT'S  COMMENTS  ON  FLIGHT  CONTROL  SYSTEM 


The  breakout  forces  were  less  than  2  pounds  for  all  the  con¬ 
trols.  These  forces  were  low  enough  to  give  a  good  feel  and  yet 
high  enough  to  hold  the  controls  in  any  position  they  were  placed. 

The  magnitude  of  the  breakout  forces  appeared  to  be  the  same 
throughout  the  full  range  of  control  travel. 

There  were  no  apparent  force  gradients  present  in  the  control 
system.  The  moving  friction  was  the  same  as  the  static  breakout  fric¬ 
tion  and  the  control  could  be  moved  through  the  full  travel  by  apply¬ 
ing  approximately  2  pounds  of  force. 

Since  there  were  no  forces  to  oppose  a  control  movement  from 
trim,  rhere  was  no  trim  system  present,  nor  was  there  a  requirement 
for  one.  The  controls  would  remain  in  the  position  in  which  they 
were  placed  and  hands  off  flight  could  be  accomplished,  so  far  as 
the  control  system  was  concerned.  Removing  the  copilot  controls 
unbalanced  the  system  and  with  no  friction  applied  at  airspeeds 
above  85  KCAS,  the  pilot's  control  would  move  aft  when  released. 

This  was  easily  corrected  by  a  slight  increase  in  the  friction  setting. 

There  was  a  mechanical  longitudinal-collective  coupling 
present  with  the  boost  system  both  operative  and  inoperative.  The 
longitudinal  control  moved  forward  as  the  collective  control  was 
raised  and  moved  aft  as  the  collective  was  lowered.  Movement  of 
the  cyclic  did  not  cause  any  collective  movement  with  the  boost  "on"; 
however,  with  the  boost  "off"  cyclic  movement  caused  the  collective 
control  to  move.  The  longitudinal  control  travel  available  was  not 
affected  by  this  control  coupling.  Although  in  violation  of  MIL-H- 
8501A,  paragraphs  3.2.4  and  3.4.3,  this  small  coupling  was  very  easily 
overcome  by  the  pilot,  either  by  holding  the  control  or  by  using  a 
small  amount  of  friction. 

The  seat  was  not  adjustable;  however,  the  longitudinal  cyclic 
and  the  pedals  could  be  manually  adjusted.  The  range  of  adjustment 
was  sufficient  for  the  project  pilot  and  the  controls  were  comfortable 
throughout  the  control  pattern.  The  longitudinal  cyclic  friction 
adjustment  was  difficult  to  reach  in  flight,  while  wearing  a  para¬ 
chute. 


The  directional  oxitrol  system  did  not  meet  the  requirements 
of  MIL-H-8501A,  Table  II,  in  that  the  pedal  breakout  forces  were  less 
than  3  pounds  and  there  was  no  friction  on  the  directional  controls. 
There  was  some  "slop"  in  the  directional  control  around  the  neutral 
point.  This  condition,  coupled  with  the  low  breakout  forces  and  high 
directional  sensitivity,  made  the  present  control  system  undesirable. 
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Turning  the  single  boost  system"off"  did  not  introduce  any 
control  movement  or  forces.  Increased  control  forces  were  apparent 
only  when  the  controls  were  moved.  The  forces  were  not  measured  in 
flight;  however,  they  were  considered  satisfactory.  Boost  "off," 
the  pedal  forces  were  highest  and  the  lateral  cyclic  forces  were 
lowest.  The  helicopter  could  be  adequately  maneuvered  and  a  landing 
could  be  accomplished  satisfactorily  with  the  control  boost  "off." 

2.10  AIRSPEED  CALIBRATION 

2.10.1  OBJECTIVE 

The  objective  of  the  tests  was  to  determine  the  airspeed 
position  error  for  both  the  standard  and  test  airspeed  systems. 

2.10.2  METHOD 

The  airspeed  calibration  of  the  test  and  standard  system 
was  determined  by  using  the  ground  speed  course  method.  The  aircraft 
was  flown  over  a  measured  ground  course  at  a  stabilized  airspeed  on 
reciprocal  headings  from  20  KIAS  to  110  KIAS  using  approximately 
10  knot  airspeed  increments.  The  tests  were  conducted  at  a  density 
altitude  of  1950  feet,  a  gross  weight  of  2475  pounds,  393  rotor  rpm 
(average)  and  in  the  clean  configuration. 

2.10.3  RESULTS 

Te«. '  results  are  presented  graphically  in  Figures  No.  248 
through  24  Sectioi  3,  Appendix  I. 

2.10.4  ANALYSIS 

The  standard  system  indicated  low  for  all  airspeeds  above 
35  knots  and  high  for  all  airspeeds  below  35  knots.  The  position 
error  curve  was  nonlinear  with  an  increased  negative  position  error 
with  increased  airspeed.  The  position  error  appeared  to  be  greater 
as  the  sideslip  angle  was  increased  during  climb,  level  flight  and 
autorotation.  At  low  airspeeds  (below  50  KCAS)  and  large  sideslip 
angles  (above  30  degrees),  the  standard  system  appeared  to  become 
unreliable.  (See  Figure  I,  Page  55). 
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r-  ^>t  c~<  y*  j,  /  <*> 

Co^'T/eQL.  ffys/TJOAAS  /-V  /ACASMJWD  fi,C,H7 
CH  -  y A  (A3A  J4  v  <12  -  Y20  Y 

JA/  GROUA/2  EFFfC  T 


At-'C  Ai„ 

-AT 

396  6/t' 
uS 

420  •_ 
/dr/ 

6  >  ■  -V 

.j/r 

{'0<roA 

i"Pl3 

/*  >.. 

o 

/36G 

239, 3" 

99. SO 

/,//.  AT 

39/ 

a/V7-£ 

-  ~t  L-  L  >-/“ 

A.  2El//lAE> 

□ 

/  360 

2  3B6 

9?.Xi' 

/./7  AT 

Z9v 

v/K/-i 

V7  6'  C//K 

Kc  s/A  9W/££> 

(f*Q) 


C.CWTWXJC.  AX13///OAA3  JAl  JtTEAS HAAGD  .;  S' U CUT 

QH-YA  USA  &Z-Y10Y 

-  _j  /W  &ZOUAM  £F>=£ CT  .  • . 

c,w  ssu'ccUm  Jevttof  a>vjr/c^e^77o^  #a ccwm 

r  <'~*LS  /d*C  cAr  icPM 

V  J2S£f  ,JQkW  »3 J  RT.  3?y  CLEFW  sZ£AFL>V8JZD 


EM 


pe (Mi  cowmen.  T/Mtyjr/. 

•  2.6  JWC/JES  ACPT  .fyO 

R/CMr  or  w£i  ~#*i. 


FO£jL  L/1T£J< ni.  COWTKOj- 

TMAFfrx.  -  If  /we# ee 
FK6M  Ft/ 2  2  UE£F 


FtO-LX  2  t2Mc.  jrUP#V#6 
vowrttot  7U  nrr/.  -  sji 
WO/£i  F*jC/y?  FU2  FW6 


time,  history  or  rearward  pliohi 

►  4A,  lj.6.A.,S/W  62-4204 

f/AJ  CGOCsk/O 

\}l  ■  0!  N.XM-8(5AC.-0Cr)  n.l&U‘T  COMDITIOM:  REARWARD  aiGUT 

AVt  Mot  GftOSo  WkiGuT  :  2590  LfcS  TRIM  CAS  :  APPROX  .  10  KNOTS 

LONG  lb  i_OCAT  UJ  :  99.5  IN  (rWD)  DOUSlTY  ALTITUDE.  :  1560  TRET 

l A [  UA  C(T  lOUHOKj:  1.16  IN(LT)  ROTOR  SPtE.0:  394  tiPNA 

Pi:  (Cm ROLL -  YAW - 

<3nd  lOLiG  STiCk  hAT  STICK  <-*nd  PEDAL 


FOR  OFFICIAL  USE  ONLY 


M.,  S/M  G2-42 


CCMriGLQA:  PM:  liANj 

ru;  l  T  r  ^ a  ;cA/r  \  us 

A'  -/ 1  >  it.  ' .  v.  i  1  ii- 1 1  •  <2  i  .ps w 

I-OKIG  ,  LOCATION:  I0r».  ’  NJ  „Ar 1 
LATtQAi  CC,  LOCA‘I;QM:  .  'r  \  Uf) 


flight  condition:  mvs  o 
TDIM  CA9>: .  t  lO 
DC.V&TV  ALr  TUDQ  :  S  l  PF 
QOT  )Q  SDtLD:  SM  Ui 
{  At  CONDITION:  GPF 


PiT- w 


UOt 


V  /-  kW 


u^Cr 


y^iA 


,  TIAAE  ~~  SECONDS , 

FOR  OfFICAI.  USF  ONI ) 


<  X  .  -4/\,  l.  )/  :>  Av,  S/M  G2-42C4 

CONiriGU^/Y !  jM  :  CLE. AN  FLIGUT  C0KJDH10KI:  LlOVLU  (fa 

FULL  ,  KJ A  iQLvTixe.,  inched  TQIM  CASSLPO 

a;  OA  vaPC  \A/[  1.:  :  2615  Lbo  DLKBS  ALT  snc  :  /BO  rCLT 

iIV,  ,  LOCATION,:  IOb.7  (k  AFT;  ROTOQ  SDELD:  394  U  M 
!  ATI  DAl  lot  AT  I  CM :  ,3B  IN  kl)  SAC.  CONDITION*.  ti  r 

pt  r  ch - Roll  —  —  vaw 


?nj:cl£an 


RIGHT  COM Dil lOM-  Cv'E 
:  T.  N^£S  TQ  K\  GAS:  59  kN  TS 
2530  u65.  DEKBIT V  ALTITUDE:  4  c5 
'  o  vAGT  oc  OQ  SDt  rE:  304  .<30 
1  N  vGT;  s AS  CONDITION:  ore 


Am(jL£  OP  SlPCiLit? 


Pitch 


AIMOOE  op  CiX.1.  AMD  yAW 

INOPEH.ATIVC 


Pitch 


VaWt 


tJ"  *  'W  .  4.  4 


1 


t ,  xr>/  rvj  ^X-'c^L 


CCNCIGURATON  :  CLEAN  PLIGUT  CONDPIOP  LELVE.L  TLIGUT 

r  ■  L  .O  '  ;DfKj AL  'IQfLl, :  8.2  INCHES  7QIM  CAS*.  102  KNJOTt> 

A'/LOAGE  CQOGS  WPGUI  :2fclO  lBC  DtKBlV  ALTITUDE : 4980  AEG  f 
LONG  ..LOCATION:  ioa5  in  vFwd)  QCHOQ  SPEED  :  334  UPM 
LATEOAl  C.G  LOCATION*.  .35  IN  ^r)  SAC  CONDITION:  OPT 

Pitch -  roll -  yaw 


c 

J 


PlGU^e  MO.  OS- 

APT  LONGITUDINAL  PULSE 

OU-  S/\,  i.C,/v,  S/M  02-42  04 

OGriGUPASU :  CLEAN  RIGUT  CONDHIONiLCUGl  PJGuT 

1GAl  1 C7  r  •  8.Z  INCMLS  TDtM  CAS :  02.  KNOTS 
An/  M  ,rt  J  M  jl :ZP20  _&S.  DLK1STTV  ALT1TUDL  :  5410  FC£T 

‘  .G.  LOCATION  :  4.7  in  (an)  QOTOQ  SKED:  394  kPM 

LATERAL  C  G  LOCATION  :  .75  in  TTj  GAS  CONDITION-'  OTA 

PITCH  -  ROLL -  YAW - 


AMGl.6  OP  SiDGSliP 


ANGLt  OP  ATTACH 


AWt-Lt-  OP  tbOuu  MID  YAv' 
INOC’tRA.TI'/L 


PITCH 


TIME  ~  SECOWDS 

FOR  flffiCfiUuUl 


PlGua^  MO.  EaE; 

An  LONGITUDINAL  PULbE 

Ol  4  4-0,  LJ.O.^v.,  S/NJ  G2-4204 


CONriGURATlON.-CLtAN 
run  . :  v  an; 

AVt.  >2  V  ,C  CjRO.O 
LONG  l  OCA'’  ■ 

LATEST  C.G  LOCATION:  .35 


rtav  t 

a: 

If^Cr-ic- 

-.TI :  t 

.5)5 

>-85 

:  45.2 

<n 

urr) 

N:  .35 

A,. 

CkT) 

PUGUT  CONDI! ION :  LE  /L 
7Q!M  CAS^fc  2  MOTS 
DLNSITV  ALTITUDE .’10300  CE£T 
30130  5DELD  :  394  i?PM 
SAG  CONDITION :  orr 


PlTCW 


ROLL - YAW - 


O  ' ( 

4  -1  ) 

„  i-U 

O  vj 

,JA 

3  §  n  *. 

L2  I  iJD  * 

-  -  (P  I  1 

‘  j-  co  m  t 

S  /ol  /< 

A°s-I  ■ 

LJ  LU  ' 


i  2  W 

<  < 

a*ts 

U  4  J  fC 
t  -5  jofa1 

ti  + 

t  »T„  , 
94,0  “(u  Tj 
°2  Stolg 

uJ  ujC  G 

no  *t 

<Ta  S  ns 


bj 


u 

3 

6 


\o 


angle  op  Sideslip-^ 

/ 

,  .  .  .  __  4 


angle  op  attack- 


PlTCW 


/ 


AKIGC.&  CP  RXjCU  AMO  VAW 
INOPt-R-AjiYO. 


FOR 


Tl 


l.*i 


1 


3'JR/YIOM:  CLEAN!  PLIGHT  COMDniOM:  C<_ 

Kj A !  inches  TDM  CAS: 45  k!WGT5 

\..t  vjUO  J  WUCiin:  2&)b  LB6.  DW5ITV  ALTiTUDC :  5r 

,  L  OCATiOKi :  105.6  IN  (APT)  ROTOQ  SDEtu-  5Q4  t: 

Al  C.G  LOCATION-*  .35  in  <S?r)  5  AS  CONDITION.*  W 


^AlG-L-E.  OP  attack.  IMGPGR-ATtVt- 


AN6u£  OP  SiD£SliP 


Pitch 


.»♦  a 


Via; 


Pitch-* 


4 


PlOl _ )LcE=.,  MO.  ST 

ALT  LONGITUDINAL  PULSE 

OU-  M/M  LJ.3  2V,  S/m  (32  30 04 

CONEIGLOCO  CM  •  CLEAN]  FLIGHT  CONDITION:  AUTOROTATION 

PULM'L  'OLA.  TLV2  •  82  INLUL5  TQIM  CAS  :45  KNOTS 
AV[  LLV/t  OC  WE  TIT  :  2575  05  DLKJ5iTV  ALT,TUOE  :  5000  F  Lt  T 
LONG  r  ..LOCATION  :  105.6  IN  (AFT)  30"  DR  SDEED :  394  RPM 
LATRAl  CG  LOCATION  '•  .35  IN.  (RT,  3AE  CONDITION:  OFF 

PITCH  -  ROLL -  YAW - 


angle,  or  attack- 
iNOPLRATIVE 


Pitch 


PlOLJCRG-  NJO.  S3 

ACT  LONGITUDINAL  PULSE 

OU -4A,  l_j.S.  A.,  S/M  G2-4204 


C0K1UGLRA'T!^M:  aM-7  STOWED  PL  I  GUT  CONDITION:  LEVEL  PI  !  >U 

TULL  lOMG!  DIMAL  TD/WEl.'SA- IMCUP  TD1NA  CAS  -  08  kKiOT 
AVPAVT  SPOT  >  Wf  ii  fT:  2650  LEM  DENSITY  ALTITUDE  :  3890  TEXT 
LOMG  C  ,  LOCATION:  104.3  IN  (AM  )  ROTOR  SDELD :  30*4  RPM 
LATE,  UAL  C.G  LOCATION:  1.25  IN  (LT)  S&.  CONDITION  :  OPF 


PITCH 


Roll - 


YAYY - 


-‘■TO 

TI  <* 

y  _j  i 


ANGr*_E  OF  ^blPtei+IP 


AN&ud  OF  /ATTACK-  INOPERATIVE. 


I  A 
a  “a 

t 


Pitch 


ANCjiCE.  <  --Pi  YAW 
IMpPERATivC. 


Pitch 


ROcc  T. 


PlGUCiC  MO.  SO 

APT  LONGITUDINAL  PULSL 

OUT  A  As,  1 — i.O.  A.,  S/m  G2-42G4 

t 

COMPIGUPATIOM :  XM  bTOWGD  FLIGHT  CONDI! IOW’-LCaLL  FLIGUT 

PULL  LONGITUDINAL  ‘TRAVEL:  8.2  INCULG  TQIM  CAS'.  kNOTG 
AVLPA .,t  CROSS  WP  IIPI  :  2510  LM  DEWSITV  ALTITUDE :  50  80  (  LI  T 
LONG  C-C,.  LOCATION.*  1044  IW  APT  PCTOP  SPEED  :  394  UP  M 
LATERAL  C.G.  LOCATION:  1.25  IM  ( LT j  SAt  CONDITION:  ON 

PITCH  -  ROLL -  YAW - 


FOR  OfFICAL  (l^  MY 


APT  LOUGITUDINJAL  Pilot 


UOuL 


NAvV 


j[  '  f  J  \  /^ 

V.  M  .  t_ 


: v  r  ’»Mji  V 


APT  LONGITUDINAL  PULSE 


OU-4A,  LJ.S.AY 


CONFIGURATION  •’  XM-8  STOWED  PLIGHT  CONDITION.  LEV  El  FLI&UT 

EULL  lOMGH lJDIMAL  YQAVEL :  8.2  INCUES  TDtNA  CAS-  9B  kNOTc> 

AVERA4  CPC  o  WEIGHT  :  £505  LB>G  DEKSTTV  ALTITUDE :  Gl4G  FEET 
lDMG  LOCATION  104.9  IN  (AFT)  QOTOQ  SPEED  394  ROM 

lateral  c.g  location-  1.30  jm  (lt)  sag  condition  on 


PITCH 


ROLL 


YAW 


ANGLt  OF 


ANGlE.  of  attack. 
I  NO  PE.  ft  AT  IVE 


PITCH 


ROLL 


PITCH 


ROLL v  YAW 


TIME, 


1 

U  j  _  1  1 

yaw 

f=IGLJ«E  MO.  <32 

LEFT  LATERAL  PULSE 

OU-4A,  1 _ 1.3.  Ax.,  S/NJ  62-  4204 

CONFIGURATION :  GLEAM  FLIGHT  CONDmOKlrWOvERG-C 

FULL  LATERAL  TRAVEL :  9J5  INCHES  TRIM  CAS:  ZERO 
AVERAGE  GROSS  WEIGUT:  Z570  LBS  DELEFT  V  ALTITUDE  :  760  PELT 
LONG  C.G.  LOCATION*.  105.5  )M  (AFT;  ROTOR  SPEED:  39A  RPM 
LATERAL  CG  LOCATION:  .35  IN  >RT)  SAE  CONDITION:  OFF 

PITCH 
ROlL  --  -  - 
YAW 


AC.LJRE  NJO. 

RIGHT  LATERAL  PULSE 

OU  4- A.,  1 _ 1.3.  A.,  S/M  62- 4204 

CONFIGURATION:  OLE. AM  FLlGUT  CONDITION:  U OVER v  ,L 

PULI  LATGDAL TRAVEL*.  95  IMCUGS  T01NA  CAS:  ZERO 
AVERAGE  GROSS  WEtGUT:2570  l.BS  DENSITV  ALTlTUDI  ;  760  CELT 
LONG.  C.G.  LOCATION :  105.5  IN  ^APTj  ROTOR  SPEED:  3JT  EVPNA 
LATERAL  C.G.  LOCATION:  .35  IN  RT)  SAE  CONDITION '-Orr 

PITCl ,  - 
P4Gl  L - 

ya  a  - 


Fnft  flFFirif  ii<TAi  v 


EOGLJER&  MO.  e>A 

LELT  LATERAL  PULSE 

Ou4  4E\,  L  J.S./X.,  S/M  <30  4ELCM. 

CONEIGJRA1  M: GLEAM  FLIGHT  CONDITION:  LEV E.L  ELIGUT 

TULL  l  MEDAL  TRAVEL:  G5  IMCUES  TRY  CAS :  35  KNOTS 
AVERAGE  GROSS  W£lGUT:2bS5  lBj  DENSITV  ALTITUDE  :^5IE>  PEEP 
LONG  C.G.  LOCATION  •'  105.8  IN  vap t )  ROTOR  SPEED  :  394  R PM 
LATERAL  C.G  LOCATION 35  IM  (RT)  SAE  CONDITION  :  0H= 

PITCH  - 
ROLL  -  -  - 

YA  X  - 


PPIQLJPRPT  MO.  65 

LEFT  LATERAL  PULSE 

OU-4  A,  LJ.S./X,  S/KJ<oZ-  4204 

CONPlGURATiOM 'ClEAM  FLIGHT  CONDHIOKi: LEVEL  FLI&ut 

PULL  LAI  EDAL TRAVEL  ‘-9.5  INCHES  TRiNA  CAS  -  I0O  5  KNOT  S 

AVERAGE  GROSS  WEIGUT  :Z600  LBS  DCKJSITV  ALTITUDE  -4670  FEET 
LOMG  C.G  LOCATION}:  105.6  IN  VAFT)  QOTCR  SPEED:  394  RPM 
LATERAL  C.G.  LOCATION  :  .35  IN  (RT  SAE  COAIDITIGU :  OPT 

PITCH  ■ 

POL  L  - 
YAW 


i l _ rvjc _ GEbGS 

LEFT  LATERAL  PULSE 

OU  -  44v,  L  J.S. /X. ,  S/KJ  62-4e 04 

1 

CONFIGURATION  :  CLEAN  FLIGHT  CONDITION  :  LEVEL  FLIGHT 

PULL  LATERAL  TRAVEL:  9.5  INCUES  TRIM  CAS :  103  KNOTS 
AVLRAGE  GROSS  NWEIGUT: 2536  LBS  DENSITV  ALTITUDE: A 5 OB  FEET 
LONG.  C.G.  LOCATION: 99.4  IN  (FWD/1  ROTOR  SPEED:  2>94-  RPM 
LATERAL  C.G  LOCATION*.  .55  IN  (RT  )  SAC  CONDITION*'  OFF 

PITCI I 
POuL  - 
V  A  A/ 

1 


f—  I O  i _ Jf-REE  M  CO.  40  ft 

LEFT  LATERAL  PULSE 

OU  4A,  LU.3./X,  S/M  62-4404 

CONFIGURATION: CLEAN  flight  condition:  LEVEL  PLIGHT 

FULL  L  AT  EDAJ_  TRAVEL'.  9-5  IN  TDJM  CAS  :  89  KNOTS 

AVERAGE  GROSS  WEIGUT:2520  L6L  DLKEITV  ALTITUDE  :9bOO  LT 
LONG.  C.G  LOCATION:  105.2  IN  AFT  ROTOR  SDFLD  •'  39-4  RPM 
LAI  E RAL  C.G  uX ATlOfj : . 3 S  J N  R  T  SAL  '  OLD | T O J'-OFF 

PLTCU  - 
ROLL 

YAW  -  - 


R-  I  CCA _ )F-R.E=  KJO. 

LEFT  LATERAL  PULSE 

OU-4A,  LJ.S./Y,  S/NJ  62-4^04 

CONFIGURATION  '•  CLEAN  FLIGHT  CONDITION- CL, Mb 

LULL  LATERAL  TRAVEL:  0.5  INCUES  TRIM  CAS  :4b  KNOTS 
AVERAGE  GROSS  'WEIGUT :  2655  LBS  DEKBITV  ALTITUDE  :5000  FEET 
LOK1G.  C.G.  LOCATION  :  105.9  IN  (AF T  )  ROTO}  SDEEL  :  594  UPM 
LATERAL  CG  LOCATION:  .55  IN  iRT ;  SAE  CGWDITIOn :  OFF 

PITCH 

ROLL 

YAW  -  --  --- 


*  A 

w  $ 

g  8S 

<r  co  3 

Lil  4 


ANGLE  OF  Gict-^LIP 

J 


ANGLE  OF  ATTACK 

INOPEUA  TVE 


4IQLJC4E  NJO.  70 

LEFT  LATERAL  PULSE 

OU-4A,  LJ.S./V,  S/SJ  Co2-4-e04 


CONFIGURATION:  CL  FAN  FLIGHT  CONDITION •  A 

FULL  L  AT QDAL  TRAVEL’-  9-5  IN  WES  TRIM  CAS'-  4  b  LNl 
AVERAGE  GROSS  NWElGiTHE^  SO  l&S  DEKSiTV  ALSTUDt  - 
LONG  C.G.  LOCATION i  3.65  fc.vA*-'H  ROTOR  SPEED:  394  k 
LATERAL  C.G  LOCATION:  .35  Cr)  SAC  CONDITION:  lp 


AWOlE  OF  SiDfcSc  if 


ANULE  OF  A:TAt^ 
IMOPERATlVt 


pi-rc  W  7 


PiTCM 


F4GLJF3E  MO.  71 

LEFT  LATERAL  PULSE 

OU  A  /\,  I _ ).S>.  /M ,  S/M  <32-  4-3  04 

CONFIGURATION  :XM4  STOWED  EL  I  GUT  CONDITION  •'  WOvERflGE) 

TULL  L&TEDAL TRAVEL:  3.5  INGRES  TRjM  CAS <  ZERO 
AVERAGE  GROSS  WElGur:2580  LBS  DEKBIT V  ALTITUDE  760  FEET 
L OMG  C.G.  LOCATION:  104.6  Ikl  (AFT)  ROTOR  SPEED  ’  394  RPM 
LATERAL  C.G.  IDCAT'OKj.  1.25  I M  VLP  ;  SAC  CONDITION:  OPE 

PITCU 

ROLL 

YAW  ^ 


PGURE  MO.  72 

LEIPT  LATERAL  PULSE 

OU-4A,  LJ.O./M,  S/KJ  (32-  42.04 

CONEIGURATION :  XM-7  STOWED  R-IGUT  CONDITION  •  UOV ER ( IGE 

EMI  UTEDALTRAVEUas  IN  TRIM  CAS*.  2ELRO 

AVERAGE  GROSS  WEIGUT:2560  i-feU  DEKBIT V  ALT iTUDE  :  /GO  PL  EL 
LONG.  C.G.  LOCATION :  1043  IN  APT  ROTOR  SDPED :  394  PPM 
LATERAL  C.G  LOCATION-- 1.2 b  IN  L r  S»\E  ONDITIGM-'ON 

PITCH 

ROLL  - 

VA  A 


PGURE  NJO. 

LEET  LATERAL  PULSE 

OU-^A,  LG.S./A,  S/kj  6G-4E  DA 

CON  HGU  R  AT  ION  •'  X  M  STOWED  FUGWT  CONDTT  iON  '•  .E/l  \\  VU 

LULL  L AT GDAL TRAVEL  :  V  (NCULU  TRIM  CAS:  02  KNOT  ^ 

AVERAGE  GROSS  WEIGUT  .  2070  LB  DENSiTV  ALTITUDE  :  -  1  370  I  G  T 
LONG  C.G  LOCATION:  104.0  IK  .ALT  ROTOR  SPEED  •'  3  J  4  Lit*1 
LATERAL  C.G  LOCATION:  l.Zb  IR  v  A  SAE  CONDITION  OLE 

PITCL' 

RGlL 
YAW  - 


LErT  LATERAL  PULSE 

OU  4A,  LW.3./W.,  S/KJ  62-4^04 


1 

CONRCURATION  •  XM-7  STOWED  FLlGLIT  CONDfl  104 '.LEVEL  CUGUT 

LULL  LATERAL  TRAVEL:  95  INCHES  TRJNA  CAS".  92  KKJOTU 
AVERAGE  GROSS  WEIGHT  :  Z595  LfeU  DEKSITV  ALTITUDE  :4840  EE  ET 


LONG  C.G  LOCATION:  104.7  IN  ^Af  T  ROTOR  SPEED : 2  >1  LHM 


LATERAL  C.G.  LOCATION:  1x5  iN  lT ;  SUE  CONDITION :0N 


PITCH 
ROLL  - 
YAW 

1 


PlOUP^t  NO.75 

LEFT  LATERAL  PULSE 

OU  -4 As,  I _ J.S.  A. ,  S/KJ  (oZ-  4e  ~>1 

CONFIGURATION  :XM- 8  STOWED  FLIGHT  CONDITION ‘-LEVEL  PLIGHT 

LULL  L  AT  ELDAL  TRAVEL : 9.5  INCHES  TRIM  CAS '.98  KNOTS 

AVERAGE  GROSS  WEtGUT  2490  LbS  DENISOV  ALTITUDE  ‘-5050  PELT 
LONG.  CG  LOCATION  :  104.9  IM  (APT)  DOTjQ  SREEJj-394  PPM 
LATERAL  C.G  LOCATION  :  1.30  IN  (LT  ,  SAE  GNDITIONI OFF 

PITCU 
ROLL  -- 
\  AW  -  - 


Q  0 

3  &i J) 

£  rni 

Lj2<Jm 

<  5 


au  "TP  ir.'f  ’i—  i  r  - 


ANGLE  i  op  ATTACK 
INOPCRATiVt 


TIAAK  —  SEECOMDS 


f— -IGl _ )f— SEE  NJCD.  7 £A> 

LECT  LATERAL  PULSE 

OU  4A,  LJ.S.2A.,  S/NJ  (32-  4204 

CONFIGURATION  :  XM  A  STOWED  ELIGET  CONDITION  :  LEVEL  ELI  OUT 
LULL  LATE.DAL  TRAVEL  •  9.5  INCEIEG  TRIM  CAS-' 98  KNOTS 
AVERAGE  GROSS  VJEIGUT :  0585  L&;>  DENSER  ALTITUDP  :  0220 
LONG.  C.G.  LOCATION  •  105.1  IN  ART)  POTOR  SREELD  : 304  W  M 
LATERAL  C.G.  LOCATION:  1.30  IN  LO  SA£  CONDITION  :OAJ 

PITCH  - 
ROlL  -  -  —  -  - 
i  A  K 1 


PlGLJCRE  MO. 77 

RIGHT  DIRECTIONAL  PULSE 

OU7A,  L_J.S.7>  S/M  62-42  j7 

CONFIGURATION  :CLEAN  RLIGUT  CONDITION:  MO ^p(lGE) 

CULl  DEDAL  TRAVEL \t2.6  I V  le^  TRIM  CAS:  ZERO 
AVERAGE  GROSS  WEIGUT  :  M55  LPT.  DEUSVTV  ALTITUDE  :  1070  PELT 
LONG  C.G. LOCATION:  10*0  IN.  i.APT)  ROTOR  SPEED:  3  0-4  RPM 
LATERAL  C.G.  LOCATION!:  .35  IN  kT  SAE  CONDIT ION  :  OFT 

P1TCU 

ROLL 

YAW  - 


TIAAE  SLCOMDS 

for  nrncfii  ikc  o»m  v 


PIGUC5E  K10.7S 

LETT  DIRECTIONAL  PULSE 

OU-4A,  LJ.S.  A.,  3/Ki  62-4204 

V 

CONEIGUDATIOKJ :  CAN 
CULL  DEDAL  TRAVLU  Z.o/NlUcs 
AVERAGE  GROSS  WEIGUT:  2470  LA5. 

LONG  C.G. LOCATION  :  'OA.Q  IN.vAFT) 

LATERAL  C G.  LOCATION! :  .y-  in  {jzr.) 

PITCU - 

ROLL 

VAW  - 


PL1GUT  CONDITION  :  Uovtu  (  .L 
TRIM  CAS'  ZERO 
DEWS1TV  ALTITUDE:  1070  TLLi 
ROTOR  SPEED:  S94  ELJ4 
SAS  CONDITION  :0r E 


( 


RIGHT  DIRECTIONAL  PUL5£T 

OU-4A,  LJ.3.A.,  S/nu  62-4204 


CONE  1GU  RAT  ION :  CL  E  AK 
CULL  DEDAL  TRAVELT2.6  i/w^L 
AvEDAGE  GROSS  U/9GUT:  Er  45  Lg 
LOKJG.  C.G. LOCATION ;  4  h  aft; 

LATE  DM  C.G.  LOCATION--  .  T  n.  yt) 


ELIGUT  CONDITION:  LE’/fL  F  jMt 
TRIM  CAS:  3^  k>*  T 
DENSITV  ALTITUDE:  4r><iD  i-'LCT 
ROTOR  speed:  gy-*  RPM 

SAS  CONDITION:  GEE 

P1TCU  - 

DOlL  -  - 
YAW  - - 


/\N<$  r:  >r 

t 


AN'j..*  t-  AT  1A.-K 
INC  f  t  MiiVt 


VAvO-7 

/ 

Pitch 

0OU. 


CiGUT  DIRECTIONAL  PULS 


CONFIGURATION-'  ClCAN  niGUT  CONDITION:  LtvtL  rtlbUT 

TULL  DEDAL  TRAVEL-2.6  incogs  TRIM  CAS:  IOO  2 N0T6 
AVERAGE  GROSS  WEIGUT :  2490  L55  DEUSITV  ALTITUDE  •'  Go  4  5  FLE  T 
LONG.  C.G- LOCATION:  105. 1  IN  AFT)  ROTOR  SPEED  :  A&4  QPK'i 
LATERAL  C.G.  LOCATION  :  .35  in  (QT)  saS  CONDITION  :  EP 


PlTCU 

ROlL 

YAW 


'ANGLE.  '  QC  SiPCSLlP 

Angle,  op  attack 
INOrtR-ATivE. 


RIG14T  DIRECTIONAL  PULSE 

OW-4A,  LJ.S.4v.,  S/KJ  62-42  04 


CONFIGURATION :  CLEAN  FlIGUT  CONDITION  :  LEVEL  PLIGHT 

PULL  DEDAL  TRAVEL'-^. 6  INCHES  TRIM  CAS*.  IOO  KNOT  , 

AVERAGE  GDOSS  WEIGUT :  2570  LbO  DENSOV  ALTITUDE  :  4*5-45  FEET 
LONG.  C-G.LOCATION  :  99./  IN  l  V  m)  ROTO  SPEED  :  394  RPM 
LATERAL  C.G.  LOCATION  :  .55  IN  ( RT  SAS  CONDITION  *  OtT 

PITCU  - 
DOLL 

YAW  - 


*  O 

*  2 
P 

<  l/>j 

U1  UJ 
J  _J  ) 
L2  O  ( 


O 


POGLJQEE  MO.  82 

RIGUT  DIRECTIONAL  PULSE 

OU-4A,  LJ.S.^v.,  S/M  62-420  1 

CONPIGUDATIOKJ :  CLEAN  rUGUT  CONDfl I0N1 : LEV'LL  PL. GUT 

CULL  DEDAL  TRAVEL *2. G  INDUES  TRIM  CAG-99  KNOTS 

AVERAGE  GROSS  WEIGHT:  2825  LbS  DEUSITV  ALTITUDE •' 4820  rEET 
LONG.  C.G.UXTAT10W:  104c  IN  AEI  ROTOR  SPEED:  334  PPM 
LATERAL  C.G.  LOCATIONJ :  .75  IN  (  U)  SAE  CONDITION ;  OTP 

R1TCU  — 

ROLL  -- 
VAW  - 


1 

I 

PIGUQE  NGO.  32? 

RIGHT  DIRECTIONAL  PULbE 

OU-  -4  A.,  CJ.S.  A.,  S/KJ  62-4204 

« 

CONEIGUQATIONl:  CLEAN  PLIGHT  CONDITION :  LEV'LL  PLIGHT 

Rull  dedal  travel:  t  z.& inches  trim  cas  •  92  knots 

AVERAGE  GROSS  WE1GUT :  2495  LBS  DENSITY  ALTITUDE  :  9395  PELT 
LONG.  C.G. LOCATION  :  IOS.I  IN  t  APT  ROTOR  SPEED  :  394  RPV 

LATERAL  C.G  LOCATION  :  .35  IN  VRT)  SAE  CONDITION :  OEF 

PITCU - 

ROLL  - 

.  YAW  - 

1 


angle  OP  Ditch 


t 


PIGUDP  KIO. 

RIGHT  DIRECTIONAL  PULSE 

OU-4A,  LJ.S.4N.,  S/KJ  <32-<4l204 

1 

CONFIGURATION: CLEAN  EllGUT  CONDITION : CUMfc 

CULL  PEDAL  TRAVEL: AZ.fc  INCHES  TRlMCAS:-45  KNOTb 

AVEDAGE  GROSS  WEIGHT :  2<blS  LbS  DENSITY  ALTITUDE :  5000  FEET 
LONG.  C.G. LOCATION  :  105./  <N  (APT)  ROTOR  SPEED  :  504  RP*A 
LATERAL  C.G. LOCATION:  .35  IN (RT)  SAE  CONDITION: OPP 

P1TCU - 

ROLL 

YAW - 


PiGLjnE:  KIO.  3E5 

RIGHT  DIRECTIONAL  PULSE 

OUT  -44k,  LJ.S.4k.,  S/ki  (32-4204 


CONPIGU  RATION!  CLEAN  PU.GUT  CONDITION :  AUTOROTATION 

PULl  DEDAL  TRAVEL:  +  Z.»  INCHES  TRIM  CAS  :  45  KNOTS 

AVERAGE  GQOSS  W0GUT :  2590  Lbs  DEV1S1TV  ALTITUDE  :  5000  EEET 
LONG  C.G.  LOCATION! :  105.55  IN  (APT)  ROTOR  SPEED’-  594  RPM 
LATERAL  C.G.  LOCATION] :  .55  IN  (Rtf  SAE  CONDITION  :OEE 


PlTCU 

ROLL 

YAW  - 


PIGLJCRE  MO.  &<£> 

RiGUT  DIRECTIONAL  PULGE 

OW-4A,  CJ.<S.4v.,  S/M  62-4204 


CONCIGUQATIOKJ  :  VM-7  STOWED 
TULL  DEDAL  TRAVEL  T2.6)NCWEC 
AVERAGE  GROSS  W0GUT '  2680  LBO 
LONG.  C-G.  LOCATION)  :  105.0  IN  (ALT 
LATERAL  C  G.  LOCATION) :  1.25  iM  (LT ) 


PUGUT  CONDITION:  mOVERARL 

v 

TRIM  CAS:  ZERO 


DEMSHV  ALTITUDE  :  2050  REE. 


ROTOR  SPEED:  304  UPM 


SAE  CONDITION :  OTE 


PITCU 

ROLL 

VAW  - 


lugojcre:  mo.  &T7 

RIGHT  DIRECTIONAL  PULbt 

OU-  4A,  S/m  62M20 4 

CONFIGURATION :  XM-7  STOWED  FLIGUT  CONDITION:  LOvLR(lGb) 

PULL  DEDAL  TRAVEL NlULS  TRIM  CAS’CERO 
AVERAGE  GROSS  VA/eiGUT:  2670  LbS  DENSITV  ALTITUDE  :  2050  TEXT 
LONG  C.G. LOCATION  :  105.0  IN  (AFT  ROTOR  SPEED:  394  RPM 
LATERAL  C.G.LOCATIOM:  1X5  IN  i LT  SAE  CONDITION:  ON 

PlTCU - 

ROLL  - 

VAW  - 


VAW 

# 


PlGLJQE  MO.  s& 

RIGHT  DIRECTIONAL  PUlSE 

OU-  -4  A.,  S/m  62-4204 


CONUGUOATIOM:  XM  7  STOWED 
CULL  DEDAL  TRAVELS  *Z.h  INCHES 
AVEQAGE  GROSS  WEIGUT  :  24  ib  LbS 
LONG.  C.G.lOCATIOU  :  1043  IN  ^AE  T) 
LATERAL  C.G.  LOCATION  :  1.25  IN  (LT, 


PUGUT  CONDITION :  LE.UEL  PLIGHT 
TRIM  CAS- 92  KNOTS 
DENSnV  ALTITUDE -.4890  PELT 
ROTOR  SPEED  :  394  RPM 
SAE  CONDITION  *  OTF 


PITCU 

OOlL 

yaw - 


ANGLE  OP  AT  I  AC 

WoptrJvT/VE 


ANEji.  L  OP  £>IDEAutt 


VAW  > 


VAW 


PITCH 


TIME  — 

for  nFFir. 


* 


PIG' _ IDE  KiO.  30 

RIGUT  DIRECTIONAL  PULSE 

OU1  M4v,  LJ.G.^v.,  S/M  62-4204 

CONEIGURATIOM:  \M-7  STOWLP  Ell  GUT  CONDITION*.  LEVEL  I'Ll  4T 

CULL  DEDAL  TRAVEL:  t2.r  N>  ME  TRIM  CAS- 34  KNOTS 

AVERAGE  GROSS  WE1GUT:  GOO  Lbs  DEV1S1TV  ALTITUDE :  4840  kPM 
LONG.  C.G- LOCATION:  ,34.4  IN  ,AL  I  RCTQR  SPEED  :  394  KI'Vi 
LATERAL  C.G.  LOCATION]  •  135  IN  U:  SAE  CONDlTIONi’.ON 

PlTCU  . 

ROLL  - 

YAW - 


AM  -L.  f  OP  <C.ID£>L>l  II 


ANGi.R  or  At  tack 
INlOPLUATivt 


ROLL 


PITCH 


! 

_3  1 

G _ 

|—  \  i 

1 

SECOK1DS 

FICAi  IKP  nwiv 


PIQLJCREE  MO.  90 

RIGWT  DIRECTIONAL  PULSE 

OU-  4A,  GJ.S.Ar.,  S/M  '>  T 

CONEIGU&ATION  ••  W  t  STORED  EIlGuT  CONDITION  :  LEVEL  ELIMT 

CUuL  DEDAL  TRAVEL:  Z.6  N  .4  TRIM  CAS :  9B  KNOT 
AVERAGE  GROSS  WETIGUT  :  .480  r  DENSITY  ALTITUDE  :  407^  EEET 
LONG.  C.G.  LOCATION  :  1C  lOr  V  T  ROTOR  SPEED :  304  [4  M 
LATERAL  C.G.  LOCATION:  (.TO  W  SAE  CONDITION  :  OPE 

DITCU 

POLL 

YAW  - 


pigu cree  mjo.  si 

RIGUT  DIRECTIONAL  PULSE 

OU  ^4Ax,  LJ.S.4X.,  S/m  62-42  3^4 

CONElGL'RATlOKJ  :  XV-  4  ^  a‘4  .  rLIGUT  CONDITION  :  LLvLL  PI  I  jUT 

PULL  DEDAL  TRAVGL:  -  2,£  |NU£J  TRIM  CAS:  98  KNOTS 
AVERAGE  GROSS  WEIGUT :  2510  ufcvo  DENS4V  ALTITUDE '  *4  TiO  LETT 
LONG.  C-G- LOCATION  :  104.  TO  iN  tAEP  ROTOR  SPEED  •  344  RPM 
LATERAL  C.G.  LOCATION] :  1.30  iN  ,LT  SAC  CONDlT ION :  ON 

PlTCU  - 
POLL  - 
YAW - - 


vC  or  ATTACH- 
INC  C  L»4-TlVE 


vE.  or  SIDE 


PITCH 
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TIME.  HISTORY  OP  ARMAME  iT  RIDING 

OW-4A,  U.S.A.,<o/W  &2.-A20A 
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TIME.  HISTORY  op  ARMAMENT  DRIklG 

OW-4A1U.6.A.,S/M  62-4204 

COkiriGUD ATlONi :  XM-7  ( 5.5°  UP) 

AVERAGE  GROSS  WEIGUT:  2440  lbs 
LOWS  CG  LOCATION :  104.60  IN  (Ad) 
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ROTOR  SPEED:  2,94  RPM 
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TIME  HISTORY  op  ARMAMENT  FIRING 

OM-4A,  Lj.S.  A.  ,<o/'W  62  4204 

CONFIGURATION:  XM-7  (5.5°  UP)  CII&LT  CONDITION '.SLIGHT  DlVC  (GALON) 

AVERAGE.  GROSS  WEIGHT :  24  50  uBS  TRIM  CAS: IIS  KNOTS 
LONG  CG  LOCATION  :  104.65  IN  (ATT)  DENSITY  ALTITUDE:  4470  PELT 

LATERAL  CG  LOCATION :I.|0  IN  (L7 )  ROTOR  SPEED:  ^94  PPM 
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0(-l*4A,U.b.A.,6/M  62-4204 


COWr*GUQATIOM:XM  /(3r°  UP) 

AVERAGE  GROSS  ^/EIGUT:  2380  LBS 
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CokiTlGUDATIOM :  XM-7  (3.5°  UP) 
AVLRAGE  GROSS  WtiGUT :  2400  UbS 
LONG  CG  LOCATION  :  104,70  IN  (APR 
LATERAL  CG  LOCATION  .  1.00  in  (a) 
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C0UFiGURATIQN'-XM-7  (2>b°  down)  CLIGUT  C0K1DITI0W :  rt  rolling  pull  up(5A£-opf 

AVERAGE  GROSS  WEIGUT:237o  l&s  TRIM  CAS:  9b  KNQTb 
LONG  CG.  LOCATION :  104.65  m  (AFT)  DENSITY  ALTITUDE :  4410  FEET 

LATERAL  CG  LOCATION:  .95  IK  (LT)  ROTOR  SPEED:  394  RPM 
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OM-4A,  U.S.A.,<3/M  62-4204 
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COWriGUQATION:XM-8(3.5°UP)  CLlGL'T  (£WDmOKJ:MOVER£AE-OPP) 


AVERAGE  GROSS  WEI6UT:2530  LbO 
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AVERAGE.  GROSS  W&IGUT:  2550  LBS  TRIM  CAS*.  ZEAO 
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AVERAGE.  GROSS  WEIGUT:  ZS2S  LBS.  TRIM  CAS:  APPROX.  IE  KNOTS  (TP  ANSL  AT  ION) 
LOWS  CG  LOCATION:  104.00  W  (APT)  DENSITY  ALTITUDE:  39oO  FEET 
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□RATION  :XM-  8  ( 3.5°  OP)  TLIGUT  CONDITION  :  left  sidewardCsae.  off; 

GROSS  WEIGUT:  Z52S  LBS.  TRIM  CAS :  APP&OX.  12  KNOT S (TRANSLATION) 

G.  LOCATION:  104.00  IN.(APT)  DENSITY  ALTITUDE:  S960  FEET 
AL  CG  LOCATION:  l.oo  in  (lt)  ROTOR  SPEED:  394  RPM 

-  DOLL -  YAW - 

IG  STICK  LAT  STICK  and  PEDAL 

(PILOT  UOLDING  CONSTANT  ATTITUDE.) 


FIGURE.  MO.  Z2Z 


TIME  HISTORY  OF  ARMAMENT  RIDING 

OM-4A,U.S,A.,S/M  &Z-AZOA 

(IN  &ROUNO  IffCCT  1 

CX)WriGUQATION:XM  8(5.5°  UP)  ClIGUT  CONDITION  HEFT  SIDLWAftltfSAE-OW) 

AVERAGE.  GROSS  WEI6UT:Z5I5  L8S  TRIM  CAS:  APPROX.  12  KNOTSfTRAWSLATlON) 
LOWS  C.G.  LOCATION:  105.40  IN  (ACT')  DENSITY  ALTITUDE: 412.0  FEET 
LATERAL  CG  LOCATION:  .25  IN(LT)  ROTOR  SPEED:  394  RPM 

PITCH -  ROLL -  YAW - 

and  lOUG  STICK  LAT  STICK  and  PEDAL 

(PILOT  HOLDING  COM  ST  ANT  ATTITUDE) 
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PITCH 


TIME. 


FOR  QFFICAL  USE  ONLY 


FIGURE.  KJO.  222, 


TIME.  HISTORY  OF  ARMAMENT  FIRING 

OH-4A,  U.S.A.,e/W  62-4204 

(tN  &OOUKD  tPCt-C-T) 

COWPGURATIOKJiXM'S  (bb°  down)  „  CLIGUT  CONDITION:  LETT  SIDEWARD  (SAE-ofT 
AVERAGE  GROSS  WEI6UT:2580  Lbs  TRIM  CAS: APPROX.  12 kmots (translation) 
LOWG.CG.  LOCATION  :  105.60  inTafD  DENSITY  ALTITUDE: A7>o  plef 

LATERAL  C.G  LOCATION  :  US  IM.(LT)  ROTOR  SPEED :  RPM 

PITCH -  ROLL -  YAW - 

and  LONG  STICK  LAT  STICK  and  PEDAL 

(PILOT  UOLDING  CONSTANT  ATTITUDE) 


PIPALJ 


TIME  ~  6ECOWDS 

m  GFFICAL  !JSF  ONLY 


FIGURE.  MO  22.-4 


TIMfa.  HISTORY  OF  ARMAMENT  RIDING 

OW-4A,  U.S.A.,S/M  62 -420-4 

(lN  jftOUMO  C.FFLCT  ) 

CONFIGURATION:  XM-8  (2>b°  down)  FLI6UT  CONDITION  :LEPT  StOE.WARD(S*fc-OH> 
AVERAGE.  GROSS  WEIGUT:259S  u&S  TRIM  CAS:  APPROX.  12  KNOT5(TRANSLATION) 
LONG  CG  LOCATION  :  105.60  in.(lt)  DENSITY  ALTITUDE.:  b2>60  pelt 
LATERAL  CG  LOCATION: US  in.(lT)  ROTOR  SPEED:  194 

PITGLi -  POLL -  YAW - 

<3 rid  LONG  STICK  LAT  STICK  and  PE. DAL 

(PILOT  UOLDING  CONSTANT  ATTITUDE.) 


FIGURE.  KJO  Z.ZS> 

TIME.  HISTORY  OP  ARMAMENT  FIRING 

OH--4A,  U.S.A.,e/M  S2-4204 

CONFIGURATION  '•  XM  -  &  C  5.5°  UP)  FLIGHT  CONDITION:  L£\Al  flight  Csae-orr) 

AVERAGE.  GROSS  WEIGUT:  255C  i£>  TRIM  CAS:  .35  i^nots 
LONG  C.G  LOCATION  :  |Q 5.55  in  (Art)  DENSITY  ALTITUDE:  5<s>%D  Fccr 
LATERAL  CG  LOCATION :  l.io  in  (lt)  ROTOR  SPEED :  594  l ?PM 
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PIGURE.  KJO.  2 2e> 


TIME.  HISTORY  of  ARMAME.MT  CIDING 

OW-4A,  U.S.A.,S/W  62-4 20-4 

COWriGUQATIOM:XM-e>(3.5°UP)  CLIGLT  CONDITION  ILE.VLL  pli&UT (Sal-on) 

AVERAGE  GROSS  WEIGHT:  2555  LBS  TRIM  CAS:  55  KNOTS 
LONG  CG.  LOCATION :  105.55  IK  (APT)  DENSITY  ALTITUDE:  5620  pe.lt 
LATERAL  C.G  LOCATION :  1.10  IN  (LT )  ROTOR  SPEED :  594  RPM 

PITCU - ROLL -  YAW - 

end  LONG.  STICK  LAT  STICK  end  PEDAL 

(CONTROLS  FIXED) 
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TIME  HISTORY  OP  ARMAMENT  FIRING 

OM-4A,  U.S.A.,<o/NJ  62-4204- 

COWflGUQATIONi:XM-8 C 35°D0WN)  CLIGUT  COWDITIOKJ*.  Uvll.fli&UtC=ae.-opf) 
AVERAGE.  GROSS  WEI6UT:Z570  lbs.  TRIM  CAS:  35  knots 
LONG  C  G.  LOCATION*.  105.55  in.(Att^  DEXjSITY  ALTITUDE*. 5oSo  feet 
LATERAL  C.G  LOCATION:  LotM(Lt)  ROTOR  SPEED:  3^4-  Rpfv\ 
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TIME  HISTORY  op  ARMAMENT  PIRIKI& 

OW-4A,  LJ.S.A.,e/KJ  G2.-A2.04 

CONFIGURATION  :  AM-  8  C  56°  Dow)  CLIGUT  COK1DITIOM  :  LEVEL  Fu<3 mt (5 At- Om) 
AVERAGE  GROSS  WEIGUT:2S8o  Jb  TRIM  CAS:  35  Knots 
LOWS  CG  LOCATION:  )05.80  in. (aft)  DENSITY  ALTITUDE:  5o50  F«r 

LATERAL  CG  LOCATION :  l.  \5  in  Clt)  ROTOR  SPEED  :  394  pPM 


PITCH -  ROLL -  YAW - 

and  LOUG.  STIGk  ^  LAT  STICK  and  PEDAL 

(controls  pixed) 
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TIME.  HISTORY  op  ARMAMENT  HDIklG 

OM-4A,  LJ.S. A.,<oAJ  ea-420a 

CX)WnGUQATI0Ni:XM-8(2>.5°UP)  CUGUT  CONDITION :  RIGHT  SiDESLiP^-ot  O 

AVERAGE,  GROSS  WEI6UT :  2560  L6S  TRIM  CAS :  55 
LONG  CG  LOCATION  :  105.60  IN  (apt)  DENSITY  ALTITUDE.:  5620  FEET 
LATERAL  CG  LOCATION :  1.15  IN  (lt)  ROTOR  SPEED :  594  Rpm 
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<ar»d  LONG  STICK 


|S.- 


ROLL -  YAW - 

LAT  STICK  <v\d  PEDAL 

(CONTROLS  FIXED) 
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TR/M  CONDITION  APPROXIMATELY  45° RIGHT  SIDESL/P. 
SIDESLIP  ANGLE  WAS  INOPERATIVE  DURING  THIS  TEST. 
ANGLE  OP  ATTACK.  WAS  ALSO  INOPERATIVE 


TIME.  HISTORY  or  ARMAMENT  DOING 

OM-4A,U.S.A.,S/M  €>2.-420*4- 

C0Wn6UDAT!0Ni:XM-8(2).5oUP)  TLIGUT  CONDITION -.RIGHT SIDESLIP  OAE.  0NV 

AVERAGE.  GROSS  WCIGUT:2^90  l&3  TRIM  CAS: 85  knots 
LONG  C  G  LOCATION  i  105.60  in  (ATO  DEWSITV  ALTITUDE. :  5060  FELT 
LATERAL  CG  LOCATION  :  l.!4  IN  ILT)  ROTOR  SPEED -'394  RPNA 

PlTGU  -  ROLL -  YAW - 

<3r»d  LONG  STICK  ^  LAT  STICK  and  PEDAL 

(CONTROLS  PIXED) 


TRIM  CONDITION  APPROXIMATELY  45°  &/&VT  SJDESUR 
S/DESlJp  AN 6eE  WAS  INOPERATIVE  DURING  TII/S  TEST . 
ANGLE  OR  ATTACK.  WAS  ALSO  INOPERATIVE 
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TIME.  HISTORY  OF  ARMAMENT  FIRING 

OH-4A,  U.S.A.,‘3/M  62-4204 

CONFIGURATION :  XM-8(35°down)  CLI&UT  CONDITION  bright  SIDESUPi'sac  off) 
AVERAGE.  GROSS  WEIGUT:2570  less  TRIM  CAS:  35  knots 
LONG  C G.  LOCATION :  IOS.b5  in  ( aft)  DENSITY  ALTITUDE:  5000  FELT 
LATERAL  C.G  LOCATION:  1.10  IN  (lt.)  ROTOR  SPEED:  T&A  &p(Y) 

PI  TOW  -  ROLL -  YAW - 

and  LONG  STICK  ^  LAT  STICK  and  PEDAL 

(controls  fixed) 
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vaw 
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TIN/b.  Hlb  i  UWY  AKIVIAIVIt.lM  I 

OW-4A,  LJ.S.A.  ,3/M  £>2-4204 

a3WriGUQATI0Ki:XKA*8(S5oO0WKl)  CLlGtlT  CONDITION:  RIGHT  S1DESLID(SAL  n 
AVERAGE  GROSS  WtIGUT:  2S6B  l£G  TRIM  CAS:  6C-  knk't  i 
LONG  CG  LOCATION:  IOB.B5  in.(AF“)  DbKiSlTY  ALTITUDE: c  c i ?o  pegt 
l  ATLRAL  CG  LOCATION:  LOS  IN  iLT}  ROTOR  SPEED :  T>9A 
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TRIM  CONDITION  APPROXIMATELY  45"  RIGHT  SIDESLIP 
SIDESLIP  ANGLE  WAS  INOPERATIVE  DURING  THIS  TEST. 
AU&L&  OA  ATTACK  WAS  ALSO  1MOPS&ATIVJS. 
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I  IMb.  Hit)  I  UWY  <->»-  AKMAMbNI  HIKING 

OW-4A,U5.A.,6/M  62-4 204 


COWriGUQATiONj :XM-8  ( 5.5°  up) 
AVERAGE.  GROSS  WEI6UT:  2570  l&S. 
LONG.CG.  LOCATION :  105.55  IN  i AFT) 
LATERAL  CG  LOCATION:  1.10  IN.(LT.) 


CLI6UT  CONDITION: SLIGHT  DIVE  (SAE-OfT) 
TRIM  CAS :  105.5  KNOTS 
DENSITY  ALTITUDE:  5590  FEET 
ROTOR  SPEED:  594  Rp(V\ 


PITCH -  POLL -  YAW - 

and  LONG  STICK  and  LAT  STICK  and  PEDAL 
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OW-4A,U.5.A.,5/M  02-420^- 

COWriGURAT!ON:XM-  e  (5w5°UP)  FUGUT  CONDITION*.  SLIGHT  DIVE  (SM-m) 
AVERAGE.  GROSS  WEI6UT:  25©  S  LR>S  TRIM  CAS:  105  5  knots 
LOWS  C.G.  LOCATION I05.€>0  IN  (APT)  DENSITY  ALTITUDE*.  5590  FEET 
LATERAL  C.G  LOCATION:  1.15  IN.(lt)  ROTOR  SPEED:  594  RPM 


PITCU -  ROLL -  YAW - 

«3nd  LONG.  STICK  LAT  STICK  and  PEDAL 


(CONTROLS  fixed) 


TIME. 


SECOMDS 


FOR  OFFICAL  USE  ORLY 
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OM-4A,  US.A.,S/KJ  63-42 04 

C0UFIGURATI0N:XM-S(SS°D0WN)  CLIGL'T  CONDITION  :SUGUT  DIVE  Om-oh) 

AVERAGE.  GROSS  WEIGUT:  2525  LbS.  TRIM  CAS :  105.5  KNOTS 
LOWS  CG.  LOCATION :  105.50  IN  (aft)  DENSITY  ALTITUDE:  56  ZO  peet 
LATERAL  CG  LOCATION:  1.05  IN (LT)  ROTOR  SPEED:  2>94  RPM 


PITCH - ROLL -  VAW - 

and  LONG  STICK  ^  LAT  STICK  and  PEDAL 


(controls  PIXED) 
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o M--4A,  U.S.A., 

COWPGUQATION.'XM  -8  C  33°  UP) 
AVERAGE  GROSS  WEI6UT:  Z570i.es. 
LOKjG  C.G  LOCATION :  105.45  in.(/>pt) 
LATERAL  CG  LOCATION:  !.os  m.(a) 


e/M  62-42  04 

CLIGLT  CONDITION-*  XT  Roll  ins  Poll  uP&acon) 
TRIM  CAS:  02  k'uoTS 
DENSITY  ALTITUDE'.  57io  rccr 
ROTOR  SPEED  :  354  3PM 
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FOR  OFFICAL  USE  ONLY 


FIGURE.  MO  238 


TIME  HISTORY  OP  ARMAMENT  FIRING 

OH-4A,  U.S.A.,e/NJ  62-420-4 

COUPGUDATIOM^M-  6  (  3.5°  up)  CLIGKT  CONDITION-'  LT  (Zollinc ,  pou.  up(b ae  on) 
AVERAGE  GROSS  WEIG UT: 2555  L&5  TRIM  CAS:  91  Kndto 
LONG  C.G  LOCATION:  105.50  in  (act)  DENSITY  ALTITUDE:  57io  fC£T 
LATERAL  C.G.  LOCATION.'  wo  w.  (lt)  ROTOR  SPEED:  394 
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<3hd  LONG  STICK  LAT  STICK  and  PEDAL 
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AWAL£  OP  SiPCSli  P  S 


f 

!' 


Pitch 


Pc  dal 


uoiJo 


TIME.  ~ 

FOR  Orf,r« 


~~ 

- - 

’  .rvfj 

—  ■  '■  ^ 
js~r  1 

- * - _  _  * 

2ou_ 

s' 

1- . \ 

_ J 

* 

1 - 

h — - 1 

p-'i  ~  — h 

9 

_LV  ’  . 

1 

|j 

jy 

1 

* 

h  — -  -j 

11  ■  ♦  - 

FIGURE.  KJO.  239 


TIME  HISTORY  OP  ARMAMENT  FIRING 

OM-4A,  U.S.A.,e/M  ea--4204 

CONFIGURATION  :XNA- 8  (55°  DOww)  rLIGWT  COMDITIONi&t  rolung  pull  up  f^-c 

AVERAGE  GROSS  WEIGUT:  254-5  L££.  TRIM  CAS:  92  knots 
LOUG.CG.  LOCATION :  105.55  IN  (apt)  DENSITY  ALTITUDE:  5HO  PELT 
LATERAL  CG  LOCATION:  .95  IN  (RT)  ROTOR  SPEED:  3>94-  kPM 


PITGU -  ROLL -  YAW - 

and  LONG.  STICK  LAT  STICK  and  PEDAL 


FOR  OFFICIAL  USE  ONLY 
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FIGURE.  NJO  2.40 

TIME.  HISTORY  OF  ARMAMENT  FIRING 

OM-4A,  U.S.A.  ,e/W  62-4204 


COW  FIGURATION:  XM-8(2>5°DOWN) 
AVERAGE.  GROSS  WEIGUT:  2555  Lee. 
LONG  CG.  LOCATION :  105.40  IN  (An) 
LATEPAl  CG  LOCATION:  1.00  IN  (lt) 

PITCH -  POLL - 

and  LONG  STICK  ayA  LAT  STICK 


CLIGL'T  CONDITION :LT  Rolling  Pull-u^'sal-on) 
TRIM  CAS:  92.  RJ40TS 
DENSITY  ALTITUDE:  57io  FELT 
ROTOR  SPEED:  *>94W>t* 

YAW - 

and  PEDAL 
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FIGURE.  KJO  2j^\ 


TIME  HISTORY  op  A  THROTTLE  CHOP 

OW-4A,U.5.A.,S/M  62 *4204 

COUPiGURATIONi:XM-8  STOWED  rLIGUT  CONDITION : CUIsAb  (SAC-OFF) 

AVERAGE  GROSS  WEIGUT:  2545  LBS.  TRIM  CAS:  43.5  KNOTS 
LOWS  CG  LOCATION:  105.00  IN. (AFT)  DENSITY  ALTITUDE:  5000  FEET 
LATERAL  CG  LOCATION:  1.50  IN  (LT.)  ROTOR  SPEED:  394-  RDM 

pitch -  poll -  yaw - 

c3nd  LONG  STICK  ^  LAT  STICK  PEDAL 
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FIGURE.  NJO  2.^42. 

TIME.  UISTORV  OP  A  THROTTLE  CHOP 

OW-4A,  LJ.S.A.,<o/NJ  62-4204 

C0WriGURATI0NJ:XM-6  STOWED  CLIGUT  CONDITION: LEVEL  FL\eWT(SAL  OFF 

AVERAGE  GROSS  WLIGUT:2550  LbS  TRIM  CAS'.45.5  KNOTS 
LONG  CG  LOCATION  :  105.00  IN  (AFT)  DENSITY  ALTITUDE*.  5000  FEET 
LATERAL  CG  LOCATION  :  1.50  IN.(LT)  ROTOR  SPEED :  594  PPM 
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PlGURt  2^4  3 


TIME.  HISTORY  OP  A  THROTTLE  CHOP 

,{'  C  >;  -4 A,  cj.S  ,  *o/  M  62  AdO^t 

L,)lO  :,UDATiON:XM-S  stored  cugut  condition:  level  fugut  f SAL  Off) 
AV  kA6E  GROSS  WU6UT  :255b  Lfe6  TRIM  CAS:  S&  KNOTS 
LONG  CG  LOCATION  :  105.05  IK. (AFT)  DENSITY  ALTITUDE:5000  FEET 
LATERAL  CG  LOCATION:  l.SO  IN(LT)  ROTOR  SPEED:  394-  PPM 
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GENERAL  AIRCRAFT  INFORMATION 


Aircraft  Dimensions,  Design  Data,  FAA  Type  Inspection  Authorization 
Limitations,  Weight  and  Balance,  and  Instrumentation _ 

1.  Sources  of  Information 


The  following  descriptive  and  design  information  was  obtained 
from  the  FAA  approved  Flight  Manual  and  the  limitations  were  obtained 
from  the  FAA  Type  Inspection  Authorization  applicable  at  the  time  of 
the  tests.  The  aircraft  was  flown  to  these  limitations  unices  other¬ 
wise  stated  in  the  body  of  the  report. 

2.  Description  of  Aircraft  and  Systems 

2.1  Aircraft  Design  Data 

a.  Aircraft  Dimensions  and  Certified  Weights 


Length  (nose  to  tail  skid) 

29ft 

9.6 

in. 

Length  (rotors  turning) 

38ft 

8.6 

in. 

Height  (tip  of  main  rotor  static 

blade  with  droop  stop  engaged) 

7ft 

1.0 

in. 

Height  (to  top  of  rotor  mast) 

8ft 

10.5 

in. 

Height  (tip  of  main  rotor  aft 
blade  neutral  position) 

9ft 

9.4 

in*. 

Width  (tread) 

7ft 

2.75 

in. 

Rotor  Diameter 

33ft 

4.0 

in. 

Empty  Weight  (approximately) 

1520 

lb 

Design  Gross  Weight 

2572 

lb 

Overload  Gross  Weight 

2900 

lb 

b.  Control  Travel 

Collective  Pitch  (full  down  to 
full  up) 

11.2 

in. 

Cyclic  Pitch  (full  forward  to  full  aft) 

*  (full  left  to  full  right) 

8.2 

9.5 

in. 

in. 
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Pedal  (full  left  of  neutral) 
(full  right  of  neutral) 

c.  Rotor  Dimensions  and  Design  Data 

Main  Rotor: 

Number  of  blades 

Rotor  Diameter 

Rotor  Solidity 

Swept  Area 

Blade  chord  (root  to  tip) 

Blade  Airfoil  (root  to  tip) 
Flapping  angle 
Blade  Twist 
Tail  Rotor 

Number  of  blades 


2.6  in. 

2.6  in. 

2 

33ft  4.0  in. 

.0464 
872.69ft2 
lft  2  in. 

Modified  NACA  0011 

1  4.S  deg 
-  10  deg 

2 


Rotor  Diamter  5ft 

Rotor  Solidity  .1114 

Swept  Area  19.6ft2 

Blade  chord  (root  to  tip)  2.71  in. 

Blade  Airfoil  (root  to  tip)  BMC-TAD-S2 

Blade  Twist  0  deg 

d.  Gear  Ratios 


Power  turbine  to  engine  output  shaft  5.833/1.0 
Engine  output  shaft  to  rotor  15.23/1.0 
Engine  output  shaft  to  tail  rotor  2.35/1.0 


2.2  Aircraft  Systems 


2.2.1  Electrical  System 


Direct  current  electrical  power  is  supplied  by  a  28  volt  nickel- 
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cadmuim  battery  and  supply  system.  Provisions  are  available  for  ex¬ 
ternal  power  to  be  used  during  starts  or  ground  operation  and  a  ISO 
ampere  generator  maintains  electrical  power  while  in  flight.  Circuit 
breakers  in  the  DC  circuit  breaker  panel  on  the  overhead  console  fur¬ 
nish  protection  for  the  system. 

The  alternating  current  is  supplied  by  a  50  volt  ampere,  single 
phase  transistorized  inverter,  which  converts  the  28  volt  DC  to  115 
volt  AC  and  6  volt  AC.  The  115  volt  power  is  supplied  to  the  gyro- 
horizon,  directional  gyro,  AC  caution  light  and  the  AC  failure  relay. 
The  6  volt  AC  supplies  power  for  the  engine  out  warning  light.  The 
AC  system  is  protected  by  circuit  breakers  on  the  overhead  console. 

2.2.2  Power  Plant 


The  test  aircraft  was  equipped  with  an  Allison  T63-A-5  gas 
turbine  engine.  This  engine  is  designed  to  produce  275  shaft  horse-  ^ 

power  for  takeoff  at  6000  rpm  (engine  output  shaft  speed)  on  a  sea 
level  standard  day. 

2.2.3  Landing  Gear 

The  helicopter  is  equipped  with  a  skid-type  landing  gear 
attached  to  the  fuselage  at  the  four  points.  Ground  handling  wheels 
are  provided  as  loose  equipment  and  may  be  installed  for  moving  the 
helicopter  on  the  ground.  Flight  with  wheels  is  unrestricted. 

2.2.4  Fuel  System 

The  fuel  system  incorporates  a  single  bladder  type  fuel  cell 
with  a  capacity  of  76  gallons.  The  cell  is  located  below  and  aft  of 
the  passenger  seat.  Two  fuel  boost  pumps,  two  fuel  quantity  tank  units 
and  a  low  level  warning  switch  are  contained  in  the  fuel  cell.  The 
fuel  cell  is  filled  through  a  filler  cap  locate-  on  the  right  side  of 
the  helicopter  at  Station  119.00. 

2.2.5  Flight  Control  System 

The  flight  control  system  is  a  push-pull  tube  mechanical  type, 
activated  by  conventional  helicopter  controls.  The  system  includes: 
the  cyclic  control  stick,  used  for  longitudinal  and  lateral  control; 
the  collective  pitch  control  lever  (main  rotor) ,  used  for  vertical  and 
power  control;  and  directional  control  pedals  used  for  heading  and  anti- 
torque  control.  Removable  dual  controls  are  provided  for  the  copilot. 

The  cyclic  stick  grip  contains  a  radio/ICS  thumb  switch,  a  heading- 
hold  engagement  switch,  a  4  way  combination  gun  elevation  and  heading  * 

change  switch  and  a  trigger  gun-firing  switch.  The  latter  2  switches 
function  only  when  an  armament  kit  is  installed.  The  moving  friction  of 
the  cyclic  control  can  be  changed  by  hand  tightening  the  friction  adjust¬ 
er  located  inboard  of  the  control  stick  on  the  front  face  of  the  pilot's 
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seat  support.  The  copilot's  cyclic  stick,  when  installed,  has 
the  same  friction  as  the  pilot's  control  stick.  The  copilot's  cyclic 
control  is  removable  for  solo  operation.  Both  sticks  may  be  adjusted 
individually  fore  and  aft  by  means  of  a  knob  located  above  the  base  of 
each  cyclic  control. 

The  collective  pitch  control  lever  functions  in  a  conventional 
manner  to  provide  vertical  and  power  control.  Desired  operational 
friction  can  be  set  by  hand  tightening  the  friction  adjusting  knob  loc¬ 
ated  between  the  pilot's  and  copilot's  seat  cushions.  A  twist  grip 
type  throttle  and  a  switch  box  assembly  are  located  in  the  upper  end  of 
the  pilot's  collective  pitch  control  lever.  The  twist  grip  includes  an 
idle  detent  to  prevent  inadvertent  engine  cutoff.  The  switch  box  assembly 
contains  the  starter  and  landing  light  switches,  gun  charger  switch  and 
power  turbine  governor  speed  selector  switch  (beep  switch).  The  copilot's 
collective  pitch  control  lever,  when  installed,  contains  only  the  twist- 
grip  type  throttle  control.  The  copilot's  collective  is  removable  for 
solo  operation. 

The  pilot  and  copilot  anti-torque  pedals  function  in  a  convention¬ 
al  manner.  Pedal  adjusters  located  between  the  pedals  enable  adjustment 
of  pedal  distance  for  individual  comfort.  The  copilot's  anti-torque  con¬ 
trol  pedals,  when  installed,  are  identical  to  the  pilot's  pedals  and  are 
removable  for  solo  operation. 

The  single  hydraulic  system  has  two  essential  functions.  First, 
it  reduces  pilot  fatigue  by  use  of  servo  actuators  in  the  cyclic,collec- 
tive  and  directional  control  systems,  which  furnish  hydraulic  assist  for 
all  control  movements.  Second,  the  servo  cylinders  in  the  cyclic  system 
aid  in  damping  out  any  feedback  forces  from  the  main  rotor.  The  cyclic 
and  collective  servo  actuators  are  equipped  with  irreversible  valves 
which  automatically  provide  irreversibility  of  the  controls  when  hydrau¬ 
lic  power  is  off  or  the  system  malfunctions. 

The  hydraulic  system  is  composed  of  a  pump  package,  control  valve 
package,  manual  servo  cylinders,  self-sealing  disconnect  fittings,  attach¬ 
ing  lines  and  fittings.  The  pump  package  consists  of  a  fixed  displace¬ 
ment  gear  pump,  reservoir,  pressure  regulator,  fluid  level  gage,  filter 
element  and  screen.  A  solenoid  operated  valve  element  and  the  main  sys¬ 
tem  filter  constitutes  the  control  valve  package.  The  pump  is  driven  by 
the  transmission.  This  pump  supplies  pressure  to  the  servo  actuators, 
which  are  connected  into  the  mechanical  linkage  of  each  control  system. 
Hydraulic  system  pressure  is  present  by  the  pressure  regulator  of  the 
pump  package  to  600  psi.  The  system  is  serviced  with  MIL-L-7808  turbine 
oil.  Capacity  of  the  system  is  2  pints.  The  reservoir  capacity  is  1 
pint. 


The  main  rotor  is  i  2  bladed,  semi-rigid,  see-saw  type  that  is 
all-metal  construction,  "he  blade  airfoil  section  is  designed  to  provide 
both  high  lift  and  low  profile  drag.  The  blades  may  easily  be  manually 
folded  for  ease  in  shipping  and  storage.  The  rotor  assembly  is  secured 
to  the  mast  with  a  cap  fitting  which  incorporates  provisions  for  attach¬ 
ing  a  cable  to  hoist  the  helicopter.  Oil  lubrication  (MIL-L-7808)  is 
employed  for  the  hub  assembly  and  the  oil  level  is  inspected  through  the 
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the  use  of  sight  gages  which  are  visible  frot  the  ground. 

The  stabilizer  bar  is  mounted  on  the  mast  just  below  and  90 
degrees  to  the  main  rotor  blades.  The  purpose  of  the  bar  and  associat¬ 
ed  control  linkage  is  to  use  the  inertia  effect  on  the  bar  for  stability. 
The  mast  following  characteristic  of  the  bar  is  regulated  by  2  fixed  ori¬ 
fice  hydraulic  dampers.  The  damping  is  such  that  for  small  disturbances 
the  low  rate  damping  is  available.  When  larger  disturbances  are  encount¬ 
ered  the  high  rate  damping  is  used;  If  the  helicopter  is  upset  by  a  gust 
or  a  control  input,  the  bar  tends  to  remain  in  its  original  plane  and  by 
doing  so  tends  to  return  the  helicopter  to  its  original  attitude  just  be¬ 
fore  the  upset. 

The  tail  rotor  is  a  2  bladded,  semi-rigid  type  with  each  blade 
connected  to  a  common  yoke.  The  blade  and  yoke  assembly  is  mounted  on 
the  tail  rotor  shaft  by  means  of  a  delta  flapping  or  see-saw  hinge. 

Blade  pitch  is  altered  by  the  push-pull  rod  which  runs  through  the  tail 
rotor  shaft.  The  tail  rotor  is  designed  to  operate  without  requiring 
lubrication. 

The  transmission  consists  of  a  spiral  bevel  gear  and  a  planetary 
gear  stage.  This  unit  is  connected  to  the  engine  output  shaft  by  a 
short  drive  shaft  which  passes  through  a  free  wheeling  unit.  The  trans¬ 
mission  output  shaft  then  drives  the  main  rotor  and  hydraulic  pumps. 
Engine  output  shaft  rpm  is  reduced  to  main  rotor  speed  at  a  ratio  of 
15.11  to  1. 

This  transmission  and  its  associated  drive  system  are  qualified 
for  300  shaft  horsepower  at  6000  rpm  power  turbine  speed. 

2.2.6  Stability  Augmentation  Equipment  (SAE) ; 

The  OH-4A  is  equipped  with  single  SAE  for  use  with  the  armament 
installation  only.  The  system  provides  damping  about  all  3  axes.  The 
SAE  is  a  combination  of  electrical  and  mechanical  systems.  The  SAE 
uses  electrical  rate  gyros'  as  the  primary  sensors.  When  a  change  in 
rate  is  sensed  by  these  gyros  an  electrical  signal  is  relayed  to  an 
electrical  motor  which  applies  the  necessary  corrective  control  input  by 
extending  or  retracting  the  mechanical  push-pull  control  tube(s).  These 
corrective  SAE  control  inputs  are  "mixed"  with  pilot  inputs  and  have  the 
following  authorities  (based  on  100  percent  pilot  authority). 

Pitch  -  10  percent 

Roll  -  10  percent 

Yaw  -  25  percent 

The  yaw  channel  has  limited  heading-hold  capability.  Heading 
reference  may  be  changed  or  "beeped"  right  or  left  at  a  slow  rate  while 
heading-hold  is  engaged. 
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Since  control  inputs  are  mixed  with  pilot  inputs,  the  pilot 
must  maintain  control  positions,  as  usual,  to  provide  a  reference 
or  reaction  point  for  the  actuators  to  work  against. 

If  the  SAE  inserts  a  "hardover"  which  is  not  desired,  the 
system  may  be  "overridden"  by  the  pilot  making  control  inputs  in  the 
normal  manner.  The  force  required  is  the  normal  force  used  to  move 
the  controls  without  SAE. 

All  actuators  automatically  return  to  center  and  lock  when 
SAE  is  switched  off.  Centering  will  not  occur,  however, if  the  cir¬ 
cuit  breaker  is  used  to  switch  off  SAE.  In  this  case  the  actuators 
will  lock  at  the  last  position  commanded  by  the  sensors. 

3.  TIA  Limitations 

The  following  limitations  were  adhered  to  during  the  tests: 
3.1  Engine  and  Transmission  Limitations 

a.  Rating 


Take-off 

Maximum 

(S  min.) 

Continuous 

Shaft  Horsepower 

250 

212 

Gas  Producer  rpm 

48,950 

47,350 

Output  Shaft  rpm 

6000 

6000 

Measured  Gas  Temperature 

1240°F 

1165°F 

(671°C) 

(630°C) 

NOTE:  The  above  engine  ratings 

are  based  on 

static 

sea  U/el  conditions.  The  maximum  allowable  torque  as  measured 
by  tho  torque  meter  for  below  standard  inlet  air  temperature  and/ 

or  rar.  conditions  is  240  foot  pounds  (275  HP  @  100  percent  N2)  for 
take-off  and  204  foot  pounds  (237  HP  §  100  percent  N2)  for  maximum 
continuous. 

b.  Temperature  Limits 

Measured  Gas  Temperature 
Take-off  (5  min.) 

Maximum  Continuous 


/VN 

; 


1360°F 

(738°C) 

1280°F 

(693°C) 
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Maximum  Transient  1550  F 

(Not  to  exceed  6  seconds)  (843°C) 


Oil  Inlet  Temperature 


-65°F  to 
200°F 


3.2  Airframe  and  Rotor  Limitations 
A.  Rotor  Speed 
Power  -  On 
Power  -  Off 

b.  Load  Factor 
Power  -  On 
Power  -  Off 

c.  Weight  and  Center  of  Gravity 
Design  Weight 

Overload  Weight 
Maximum  Forward  C.G. 

Maximum  Aft  C.G. 

Maximum  Lateral  C.G. 


Maximum  Minimum 

422  374 

445  356 

2450  Pounds 
♦2.5 
♦2.5 

2450  pounds 

2900  pounds 

Station  99.0 

Station  106.0 

^3.0  inches  from 
Centerline 


3.3  Airspeed  Limitation 

a.  Forward  Flight  [Speed  in  Knots  Calibrated  Airspeed  (KCAS)] 

Airspeed 


2450  pounds 

Vne 

115 

Decrease  4.5  knots/ 
1000  feet  above  3000 

Voive 

127 

feet 

Sideward  and 

Rearward 

Flight  [Speed 

in  KCAS] 

Sideward 

Rearward 

2450  pounds 

30 

30 

2900  pounds 

30 

30 
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Sideslip  Limitation 

Maximum  Sideslip  Angle 

Airspeed 

Degrees 

KCAS 

Right 

Left 

40 

40 

40 

115 

10 

10 

4.0  Weight  and  Balance 

The  test  OH-4A  helicopter  (S/N  62-4204)  was  weighed  prior  to 
installation  of  the  test  instrumentation  with  an  electronic  weighing 
kit  in  a  closed  hangar.  The  basic  weight  (full  oil,  trapped  fuel  and 
SAE  installed)  of  the  helicopter  was  1600  pounds  with  a  longitudinal 
C.G.  of  107.9.  The  design  gross  weight  of  2572  pounds  can  be  obtained 
with  the  following  loading: 

Basic  Weight  1600  pounds 

Full  Fuel  494 

(76  gal  at  6.5  lb/gal) 

Pilot  200 

Cargo  278 _ 

Gross  Weight  2572  pounds 

Additional  items  (not  included  in  the  basic  weight)  which  are  con¬ 
sidered  as  part  of  the  useful  load  and  may  be  required  for  various 
missions  are  as  follows: 

Passenger  Seat  Cushions  1.5 

XM-7  Armament 

(left  side  only  with  full  ammo 
in  4  cans)  375 

XM-8  Armament  Kit 

(full  ammo  in  both  ammo  cans)  325 

Removable  items  (included  in  the  basic  weight)  which  could  be 
considered  as  part  of  the  useful  load  and  may  not  be  required  for  vari¬ 
ous  missions  are  as  follows: 

Pilot  and  Copilot  Seat  Cushions  2  pounds 

Stability  Augmentation  Equipment  15  pounds 
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After  installation  of  stability  and  control  instrumentation  the 
aircraft  was  reweighed  and  the  basic  weight  was  1716  pounds.  All  tests 
were  flown  at  either  the  design  gross  weight  of  2572  pounds  or  the  over¬ 
load  gross  weight  of  2900 t pounds.  All  of  the  test  flying  was  accom¬ 
plished  with  the  Center  of  Gravity  located  near  the  forward  (Station 
99.0)  and  aft  (Station  106.0). 

5.0  Test  Instrumentation 


The  test  instrumentation  used  during  this  test  program  was  supplied, 
calibrated, instal led  and  maintained  by  the  Instrumentation  Branch  of  the 
U.  S.  Army  Aviation  Test  Activity.  A  swivel  type  pitot-static  airspeed 
head  was  in»talled  on  a  nose  boom  which  extended  5  ft  2  in  forward  from 
the  nose  of  the  aircraft.  The  following  parameters  were  available  through 
sensitive  instrumentation: 

Cockpit  Instrument  Panel: 

Rotor  RPM 

Outside  Air  Temperature 
Total  Fuel  Used  ( 

Airspeed  (boom) 

Airspeed  (standard  system) 

Altimeter  (boom) 

Angle  of  Sideslip  (boom) 

Rate  of  Climb 

Total  fuel  used  was  measured  by  a  Potter  flowmeter  system  which 
actuated  the  totalizing  counter  on  the  cockpit  instrunent  panel. 

The  following  parameters  were  recorded  on  a  14  channel  Midwestern 
Model  No.  581  oscillograph: 

Pedal  Control  Position 

Longitudinal  Cyclic  Control  Position 

Lateral  Cyclic  Control  Position 

Collective  Pitch  Control  Position 

Angle  of  Roll 

Angle  of  Pitch 

Angle  of  Yaw 
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Kate  of  Roll 


Kate  of  Pitch 
Rate  of  Yaw 
Angle  of  Sideslip 
Angle  of  Attack 

Center  of  Gravity  Normal  Acceleration 
Excitation  Voltage 
Engineer's  Event 
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APPENDIX  III 

SYMBOLS  AND  ABBREVIATIONS 

Symbol 

Definition 

Units 

KIAS 

knots  indicated  airspeed 

kts 

KTAS 

knots  true  airspeed 

kts 

Vmax 

maximum  attainable  airspeed 

kts 

Vne 

never  exceed  airspeed 

kts 

Vmin  R/D 

airspeed  for  minimum  rate 
of  descent 

kts 

Vmax  R/C 

airspeed  for  maximum  rate 
of  climb 

kts 

Vrjin  Angle/Descent 

speed  for  minimum  angle  of  descent 

kts 

Vdive 

maximum  permissible  diving  airspeed 
NOTE:  normally  demonstrated  by 
contractor 

kts 

R/D 

rate  of  descent 

ft/min 

R/C 

rate  of  climb 

ft/min 

RPM 

revolutions  per  minute 

rpm 

IGE 

in-ground  effect 

- 

OGE 

out-of-ground  effect 

- 

C.G. 

center  of  gravity 

in. 

Nj 

compressor  speed 

rpm 

N2 

power  turbine  speed 

rpm 

«D 

density  altitude 

ft 

°F 

degrees  Fahrenheit 

deg 

°C 

degrees  centigrade 

deg 

Eft 

i  o 
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